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PURPOSE: The purpose of this study was to explore the comparative effect of chiropractic 
manipulation of the TMJ versus TENS, and the combination thereof in the treatment of TMD. 
The aim was to compare these findings in terms of the presence and severity of symptoms 
associated with TMD. The study would then determine which was the most effective 
treatment protocol in treating TMD. 
 
METHOD: Thirty participants between the ages of 18 and 45, presenting with TMD 
symptoms were randomly allocated into three groups of ten each. Group 1 received 
chiropractic manipulative therapy, Group 2 received TENS therapy and Group 3 received a 
combination of both therapies. Each participant met the inclusion and exclusion criteria. 
Group 1 received six manipulative therapy treatments over a period of three weeks, Group 
2 received twelve TENS treatments over a period of three weeks and Group 3 received six 
manipulative therapy treatments and twelve TENS therapy treatments over a period of three 
weeks. All groups had one additional session for readings only. 
 
PROCEDURE: Subjective and objective measurements were taken for Group 1 and 3 at 
visits one, four and seven, and for Group 2 at visits one, eight and thirteen. Subjective data 
included the TMJ Scale and objective data was obtained by means of the Pain Pressure 
Algometer as well as by measuring the opening capability of the mandible.  
 
RESULTS: The Pain Pressure Algometer readings revealed that Group 3 (Manipulation and 
TENS) was the most effective at increasing the pain pressure tolerance in the muscles of 
mastication on both the left and right sides, with 47.48% (Left) and 45.45% (Right) compared 
to Group 1 (Manipulation only), with 17.95% (Left) and 27.08% (Right) and Group 2 (TENS 
only), with 24.77% (Left) and 46.07% (Right). Analysis of the 13 groups of questions from 
the TMJ Scale revealed that Group 3 had the highest percentage of average improvement 
in symptoms related to TMDs, in 9 out of the 13 categories. Group 2 in 2 out of the 13 
categories and Group 1 in 2 out of the 13 categories. The results indicated that Group 3 had 
a statistically significant superiority over the other groups in treating TMDs.  
CONCLUSION: The results from this study show that the combination of manipulation and 
TENS (Group 3) was the most effective in managing symptoms related to TMD. 
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CHAPTER 1 – INTRODUCTION 
1.1 Introduction 
 
The temporomandibular joint (TMJ) has been described as one of the most significant 
synovial joints in the human body as a small number of other joints are moved as regularly 
as the TMJ. It plays a role in chewing, speaking and swallowing. The TMJ is a truly 
remarkable joint when you consider the combination of complexity, capacity for finesse and 
force, and the almost continuous use that it must exhibit. (Kirupa, Divya, Vaishnavi, Nithya, 
Mercy & Jaiganesh, 2019). Limitations in movement, pain, noise and impaired function can 
all be caused by compromised associations among the structures of the TMJ due to adverse 
conditions that affect the TMJ and masticatory muscles. This clinical condition is known as 
temporomandibular disorder (TMD) (Díaz, Müller & Gavião, 2019) .  
TMDs are deemed a to be a significant public health problem as it is the chief source of 
chronic pain (of non-dental origin) in the orofacial region. Ample evidence shows the impact 
that orofacial pain and particularly pain associated with TMDs have on the quality of life of a 
person. It can reduce a person’s capacity for work, interfere with daily activities and diminish 
the ability of a person to interact with their social environment. It can also have a large 
economic impact owing to the direct care needed by the patient (Calixtre, Oliveira, 
Alburquerque-Sendín & Armijo-Olivo, 2020).  
People suffering from TMDs commonly present with clicking and popping of the jaw during 
mouth opening and closing, limited movement of the jaw and orofacial pain in either the 
region of the TMJ and/or the masticatory muscles (Kirupa et al.,2019). TMDs can be 
diagnosed following a thorough history and physical examination. The physical examination 
includes the following: a general examination of the head and neck, palpation of the TMJ 
and the masticatory muscles, an examination of the opening and closing of the jaw and a 
measurement of the mandibular opening capacity (Liu & Steinkeler, 2013). 
Treatment is relatively simple once the correct diagnosis has been made. Multiple studies 
show that chiropractic management in the form of manual therapy has proven successful in 
the treatment of TMD, especially in collaboration with other modalities (Rubis, Rubis & 
Winchester, 2014). Studies also show that the therapeutic modality known as 
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Transcutaneous Electrical Nerve Stimulation (TENS) is effective in the management of 
myofascial pain and myositis associated with TMD (Patil, Iyengar, Kotni, Subash & Joshi, 
2016). However, the combination of the two forms of treatment has not been sufficiently 
explored.  
 
1.2 Aim of the study 
 
The aim of this research was to explore the effects of chiropractic manipulation of the TMJ 
versus TENS on the muscles of mastication, and the combination thereof in the treatment of 
TMD. The results from this research may indicate which form of treatment is more effective 
or whether the combination of both will have an additive effect when treating TMD. 
 
1.3 Possible Outcomes 
 
The possible outcomes of this study may establish whether chiropractic manipulation to the 
TMJ versus TENS therapy or the combination thereof would be the best suited treatment 
protocol for TMD. The results from this study may potentially provide more detailed evidence 




CHAPTER 2 - LITERATURE REVIEW 
2.1 Anatomy 
2.1.1 The Temporomandibular joint 
 
The temporomandibular joint (TMJ) is a modified hinge-type synovial joint that is made up of 
the mandibular fossa and the articular tubercle from the temporal bone superiorly and by the 
head (condyle) of the mandible inferiorly. The TMJ serves as a single anatomic control for 
mandibular movement as well as occlusion. It is surrounded by a synovial lining and a 
capsule of fibrous material (Devaraj & Pradeep, 2014). This varies from other synovial joints 
in the body as they are usually lined with hyaline cartilage. The fibrocartilage usually has 
better repair properties and displays less damage over time than the hyaline cartilage 
(Young, 2016).  
 
The TMJ is responsible for movement of the mandible relative to the maxilla. The mandibular 
component is made up of an ovoid condylar process that sits on top of a narrow mandibular 
neck. The mandibular articular surface can be found on the anterosuperior aspect and faces 
the posterior slope of the articular eminence located on the temporal bone. From here it 
continues further down medially and runs round the medial pole of the condyle, where it 
faces the entoglenoid process of the temporal bone. This is where the jaw is kept in a position 
of occlusion. The cranial component consists of the temporal bone. The temporal articular 
surface can be found on the inferior aspect of the temporal squama which is anterior to the 
tympanic plate (Alomar, et.al., 2007).  
 
The articular disc of the TMJ can be found between the mandible and the temporal bone and 
it divides the articular space into a lower compartment and an upper compartment (Devaraj 
& Pradeep, 2014). It is also made up of dense fibrous connective tissue. Its shape is 
biconcave, with thick outer borders and a thin centre. Soft tissues attach to the articular disc 
circumferentially and they help to keep the disc in place (Young, 2016). 
 
Posteriorly the disc is attached to the retrodiscal tissue. The superior retrodiscal lamina 
consists of elastic fibres and makes up the superior section that attaches to the tympanic 
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plate from the articular disc. The inferior retrodiscal lamina consists of collagenous fibres 
and makes up the inferior section that attaches to the mandibular condyle from the articular 
disc. Anteriorly the articular disc has three basic attachments. Collagenous fibres connect 
the disc to the temporal bone superiorly as well as to the condyle inferiorly. The lateral 
pterygoid muscle attaches between the superior and inferior attachments. Collateral or discal 
ligaments attaches the disc medially and laterally to the condyle. In a physiologic joint, the 
disc slides in between the articular eminence and the mandibular head when the jaw is 
opened (Young, 2016). When the jaw is closed, the disc lies between the head of the 
mandible inferiorly and the articular eminence superiorly and anteriorly. Luxation during 
opening is prevented by the attachments of the disc (Devaraj & Pradeep, 2014). 
 
The fibrous capsule surrounds the joint and consists of a thin sleeve of tissue. It runs from 
the circumference of the temporal articular surface to the mandibular neck. The capsule 
limits the translation of the condyle in a forward direction. Laterally the capsule is also 
strengthened by an external TMJ ligament that limits the movement of the condyle posteriorly 
as well as the distraction of the condyle. The capsule blends with the condylodiscal ligaments 
laterally and medially. The lateral pterygoid tendon passes through an orifice in the capsule 
on the anterior aspect. Two joint capsules are formed by the attachment of the articular disc 
to the inside of the capsule, which divides the joint cavity into two separate compartments 
where the fibers run from the condyle to the disc and from the disc to the temporal bone 
(Alomar et al., 2007). 
 
2.1.2 Vasculature and Innervation 
 
The following arteries are responsible for the blood supply to the TMJ: the temporal 
superficial artery, the anterior tympanic artery, the pterygoid artery and the superior auricular 
artery. The deep temporal nerve, the masseteric nerve and the auriculotemporal nerve (the 
sensory branch of the mandibular nerve )provide the nerve supply to the TMJ (Devaraj & 






The temporomandibular and sphenomandibular ligaments reinforce the TMJ. The 
temporomandibular ligament prevents medial slippage of the condyle laterally. The outer 
layer limits inferior distraction of the condyle during rotational movements as well as forward 
gliding by becoming taut during the process of protraction of the condyle when opening the 
jaw. The inner horizontal band limits posterior movement of the condyle by tightening during 
retraction of the mandibular head. The sphenomandibular ligament maintains a constant 
degree of tension during closing and opening of the mouth and is therefore passive during 
jaw movements (Alomar et al., 2007; Devaraj & Pradeep, 2014). 
 
2.1.4 Musculature and Mandibular Motion 
 
Muscles are extremely important in the functioning of the TMJ as most of the problems 
involving TMJ dysfunction involve the muscles. The muscles of mastication are involved in 
the functioning of the jaw by producing all the movements of the jaw  (Alomar et al., 2007). 
Table 2 summarises the movements of the mandible and the muscles responsible for these 
movements and Table 3 summarises the attachments, innervation and main actions of these 
muscles  
Table 2.1: The movements of the mandible (Pavia, Fischer & Roy, 2015) 
MOVEMENT MUSCLE(S)  
Elevation (Closing of the mouth) Temporalis, masseter and medial pterygoid 
muscles 
Depression (Opening of the mouth) Lateral pterygoid and the anterior belly of 
the digastric muscle 
Abduction (Combined movements that 
produce lateral movements of the jaw i.e. 
chewing or grinding) 
Posterior fibres of the ipsilateral temporalis 
and the contralateral medial and lateral 
pterygoids 
Retraction Posterior fibres of the temporalis and 
possibly some fibres of the masseter 
Protraction Lateral pterygoid with support from the 
medial pterygoid and the masseter 
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2.2 Temporomandibular disorders 
2.2.1 Introduction 
 
Temporomandibular disorders (TMDs) are one of the most common chronic problems and 
the second most common musculoskeletal problem causing either discomfort, pain or 
disability in the region of the temporomandibular joint. Studies found that about 75% of the 
general population presents with more than one symptom related to TMD and 33% present 
with at least one symptom (Seifi, Ebadifar, Kabiri, Badiee, Abdolazimi & Amdjadi, 2017). 
According to a 2020 study TMDs can lead to higher levels of anxiety and decreased quality 
of life in people suffering from the disorder (De Resende, da Silva Rocha, de Paiva, da Silva 
Cavalcanti, Oliveira de Almeida, et.al, 2020). 
 
TMD includes a wide-ranging collection of clinical problems that involve the TMJ, the 
masticatory musculature, the surrounding structures (including the soft tissue and bony 
components) and any combinations of these problems. The most common complaints 
among patients suffering from TMDs include pain and/or tenderness in the TMJ, the 
masticatory muscles, or generalized myofascial pain, restricted mandibular range of motion 
as well as associated joint noise during mandibular function (Liu & Steinkeler, 2013; Singh, 
Sunil, Kumar, Singla, Dua & Garud, 2014). Limited range of mandibular motion can cause 
difficulty in speaking or eating which has a direct impact on a person’s quality of life 
(Chisnoiu, et al., 2015).  
 
Generally, TMDs can be divided into articular and non-articular disorders. Non-articular 
disorders mainly present as myofascial pain of the masticatory muscles, this is the case in 
more than 50% of TMDs. Other non-articular disorders include: muscle strain; myopathies 
and fibromyalgia. Parafunctional habits, bruxism and clenching is mainly responsible for the 
myofascial pain and dysfunction, and leads to limitations in function, spasms and pain in the 
masticatory musculature that radiates to the ears, head and neck (Liu & Steinkeler, 2013). 
 
Articular disorders are further divided into inflammatory and non-inflammatory arthropathies. 
Inflammatory arthropathies include rheumatoid arthritis, psoriatic arthritis, ankylosing 
spondylitis, infectious arthritis, and gout. Non-inflammatory arthropathies include 
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osteoarthritis, bone or cartilage disorders, and damage to joints from prior surgery or trauma. 
Changes in the disc-condyle relationship results in articular disorders (internal derangement) 
(Liu & Steinkeler, 2013). 
 
Disc displacement can be categorized as either disc displacement with reduction or without 
reduction. See Table 2.3 for the diagnostic criteria for disc displacement with reduction and 
without reduction. Most commonly the fibrocartilage disc will be displaced in an anteromedial 
direction, but it can also be displaced posteriorly or laterally although this is much less likely. 
Disc displacement with reduction can be described as contact between the condyle of the 
mandible and the posterior aspect of the articular disc which then reduces to its proper 
position between the glenoid fossa and the condyle. The interference may produce 
discomfort associated with crepitus, popping, and/or clicking in the joint. Isolated clicking is 
however not diagnostic of articular disc displacement. According to magnetic resonance 
imaging (MRI) findings, disc displacement is present in 84% of symptomatic patients with 
TMD and in 33% of asymptomatic patients. Disc displacement without reduction is when the 
movement of the condyle of the mandible is blocked physically by the displacement of the 
disc anteriorly and this gives rise to a closed/ locked jaw. This further results in severe pain 




Multiple factors contribute to the aetiology of TMD, including parafunction and hyperfunction 
of the muscles, trauma, emotional stress, articular changes in the joint and hormonal 
influences (Liu & Steinkeler, 2013; Seifi et al., 2017). Understanding the aetiology behind 
TMD is vital for avoiding and identifying possible pathological factors. There are multiple 
factors that play a part in the complex aetiology of TMD and they can be divided into three 
categories. Factors that increase the risk of developing TMD falls under ‘predisposing 
factors’, factors that leads to the onset of TMD falls under ‘Initiating factors’ and lastly factors 
that enhances the progression of TMD or obstructs the healing process falls under 




Predisposing factors include structural, psychological or pathophysiological processes that 
modify the masticatory system and increase the risk of developing TMD. Initiating factors are 
mainly related to adverse loading of the masticatory system or trauma which lead to the 
onset of the symptoms and perpetuating factors include all of the following: behavioural 
elements such as clenching, grinding and abnormal head postures. Emotional elements 
such as anxiety and depression. Social elements such as the influence of a persons learned 
response to pain and lastly cognitive elements. All these factors play a role in the aetiology 
of TMD and in time can become chronic and affect a person’s quality of life. Therefore, 
finding a long-term reliable treatment to improve and eliminate the debilitating TMD 




TMD can be diagnosed using specific diagnostic criteria (Table 2.3). The diagnostic criteria 
can be described as a method of evaluation with clearly defined criteria that is easy to 
apply and carry out in order to diagnose the dysfunction (Díaz et al., 2019).  
 
Table 2.3: Diagnostic Criteria for Temporomandibular Disorders (Schiffman et al., 2014) 
 
DIAGNOSTIC CRITERIA FOR THE MOST COMMON INTRA-ARTICULAR TMD: 
Diagnostic criteria for 
disc displacement 
with reduction: 
Positive for at least one of the following on History: 
• Any noise(s) in the TMJ with function or movement of the jaw in the last 
30 days; OR 
• Any noise(s) in the TMJ during the exam. 
AND 
 
Positive for at least one of the following during Examination: 
• Popping, clicking and/or snapping noise identified with palpation during 
opening and closing of the jaw during a minimum of one out of three 
repetitions of the opening and closing movements.  
OR 
• Popping, clicking and/or snapping noise identified with palpation during 




Diagnostic criteria for 
disc displacement 
with reduction with 
intermittent locking: 
Positive for both of the following on History: 
• Any noise(s) in the TMJ with function or movement of the jaw in the last 
30 days; OR 
• Any noise(s) in the TMJ during the exam; AND 
• Locking of the jaw with limited mouth opening, even just for a moment 
before it unlocks, in the last 30 days.  
AND 
 
Positive for at least one of the following during Examination: 
• Popping, clicking and/or snapping noise identified with palpation during 
opening and closing of the jaw during a minimum of one out of three 
repetitions of the opening and closing movements.  
OR 
• Popping, clicking and/or snapping noise identified with palpation during 
a minimum of one out of three repetitions of left/right lateral or protrusive 
movements.  
Diagnostic criteria for 
disc displacement 
without reduction with 
limited opening:  
Positive for both of the following on History: 
• Locking of the jaw which prevents the mouth from opening all the way; 
AND 




Positive for the following during Examination:  
• Assisted opening movement (passive stretch) with vertical incisal 
overlap included is maximally <40mm.  
 





Positive for both of the following in the past on History: 
• Locking of the jaw which prevents the mouth from opening all the way; 
AND 
• Limited opening of the jaw, severe enough to interfere with ability to eat.  
AND 
 
Positive for the following on Examination:  
• Assisted opening movement (passive stretch) with vertical incisal 




Diagnostic criteria for 
subluxations: 
Positive for both of the following on History: 
• Locking or catching of the jaw with the mouth wide open, even if only 
for a moment, which prevents the mouth from closing from the wide-
open position, during the last 30 days; AND 
• Unable to close the mouth without a self-manoeuvre, from the wide-




• No exam findings are required – however there will be an inability to 
return the mouth to a normal closed position, without a manipulative 
manoeuvre when this disorder is present clinically.  
DIAGNOSTIC CRITERIA FOR THE MOST COMMON PAIN-RELATED TMD: 
Diagnostic criteria for 
local myalgia: 
Positive for both of the following on History:  
• Pain in the ear or in front of the ear, in the temple or in the jaw; AND 




Positive for both of the following on Examination: 
• Pain localized in the masseter or temporalis muscle(s) on palpation; 
AND 
• Pain on palpation will be reported as a familiar pain.  
 
Diagnostic criteria for 
myofascial pain:  
Positive for both of the following on History:  
• Pain in the ear or in front of the ear, in the temple or in the jaw; AND 




Positive for the following on Examination: 
• Pain localized in the masseter or temporalis muscle(s) on palpation; 
AND 
• Pain on palpation will be reported as a familiar pain; AND 
• Spreading of pain past the point of palpation but still within the boundary 
of the muscle. 
Diagnostic criteria for 
myofascial pain with 
referral:  
Positive for both of the following on History:  
• Pain in the ear or in front of the ear, in the temple or in the jaw; AND 




Positive for the following on Examination: 
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• Pain localized in the masseter or temporalis muscle(s) on palpation; 
AND 
• Pain on palpation will be reported as a familiar pain; AND 
• Spreading of pain past the boundary of the muscle on palpation.  
 
Diagnostic criteria for 
arthralgia:  
Positive for both of the following on History:  
• Pain in the ear or in front of the ear, in the temple or in the jaw; AND 




Positive for the following on Examination: 
• Pain localized in the area of the TMJ on palpation; AND 
• Pain on palpation will be reported as a familiar pain on at least one of 
the following provocation tests:  
o Palpation around or on the Lateral pole; OR 
o Right/Left lateral movements, protrusive movements or 
maximum assisted or unassisted opening movement(s).  
Diagnostic criteria for 
headaches attributed 
to TMD:  
Positive for both of the following on History: 
• Any type of Headache in the temple; AND 
• Headache with modified functioning, para-functioning or movement of 
the jaw.  
AND 
 
Positive for both of the following on Examination:  
• Headache localized to the area of the Temporalis muscle(s); AND 
• Headache will be reported as familiar in the area of the temple on at 
least one of the following provocation tests:  
o Palpation of the temporalis muscle(s); OR 
o Right/Left lateral movements, protrusive movements or 
maximum assisted or unassisted opening movement(s). 
 
A focused history and physical examination are also required to diagnose TMD (Liu & 
Steinkeler, 2013). The clinical examination of TMD consists of looking at the maximum 
interincisal distance, which measures the range of mouth opening and by examining the TMJ 
itself. The normal range of mouth opening ranges from 53 – 58 mm. A restriction is 
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considered when there is less than 40 mm of mouth opening, however other factors such as 
body size and age should always be considered. All alterations in the normal path of mouth 
opening will be recorded (Chang, Wang, Yang, Hsu & Hsu, 2018).  
 
The characteristics of the restriction in joint movement can be described when testing the 
“end feel”. A “hard” end feel associated with no increase in mouth opening is said to be the 
result of intra-capsular sources such as a dislocation of the disc while a “soft” end feel, 
associated with increased mouth opening is the result of muscle induced restrictions. 
Restriction in one joint is described when there is a shift of the jaw to one side accompanied 
by a greater opening of the mouth on that side that does not return to the midline. Any shift 
of the jaw during mouth opening and the return to the midline is referred to as deviation 
(Chang et al., 2018). 
 
The physical examination of the TMJ includes palpation with the fingertips simultaneously 
over the lateral portions of both joints to detect any tenderness or pain as well as recognise 
any joint sounds. A stethoscope can also be placed over the joint area to pick up many more 
sounds (Chang et al., 2018). 
 
2.3 Chiropractic Manipulation 
2.3.1 Introduction 
 
Chiropractic manipulation of the TMJ together with manipulation of the cervical spine has 
long been established as a reliable form of treatment for TMD. It is used to restore normal 
ROM, reduce pain, break fibrous adhesions, decrease local ischaemia, stimulate the 
production of synovial fluid as well as stimulate proprioception (Armijo-Olivo, Pitance, Singh, 
Neto, Thie & Michelotti, 2016). 
 
2.3.2 Effects of Manipulation 
 
TMJ dysfunction can cause biomechanical alterations in the cervical spine and vice versa. 
This theory is based on a nociceptive/muscle contraction hypothesis, in which reflex 
contraction in the muscles of the cervical spine is caused by nociceptive signals from the 
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TMJ which results in subluxations in the cervical spine. (Alcantara, Plaugher, Klemp & 
Salem, 2002).  
 
On the other hand, subluxations in the cervical spine can also result in pain and dysfunction 
of the TMJ, as there is a strong link between TMD and neck disability (Alcantara et al., 2002). 
Studies have shown that there is a higher percentage of signs and symptoms related to 
cervical spine disorders in patients suffering from TMD than when compared to non-TMD 
patients. The severity of the TMD appears to be related to the neck symptoms. This suggests 
that the onset of TMD is not predisposed but rather perpetuated by the neck symptoms 
(Ferreira, Waisberg, Conti & Bevilaqua-Grossi, 2019). 
 
This theory is based on the following. It is well known that proper head posture is maintained 
through proprioceptive receptors located in the neck as well as sensory input from the ocular 
and vestibulocochlear systems. There is also a relationship between the neck musculature 
and the vestibular system. Motor neurons are exited ipsilaterally by vestibular spinal tracts, 
which reach the spinal cord through the medial longitudinal fasciculus. This medial 
longitudinal fasciculus has descending fibres that project to the spinal cord in the upper 
cervical region and activate the motor neurons involved in neck movements. Head posture 
is maintained through neck contractions produced by the tonic neck reflex (TNR), which is 
activated by the stimulation of the Golgi tendon organ (Alcantara et al., 2002). 
 
A neurophysiologic reflex relationship exists between the trigeminal reflex activity and the 
TNR, and there is also a relationship between the upper dorsal roots and the descending 
tracts of the trigeminal nerve, which includes the receptors from the TMJ. Neuron pools are 
shared by cranial nerves V, VII, IX and X and the neurons from the upper cervical segments. 
Subluxations in the upper cervical spine can lead to abnormal sensory impulses to the 
central and peripheral neuromuscular mechanisms which results in improper head posture 
and this will affect the position of the mandible (Alcantara et al., 2002). 
 
Muscular activity in the masseter, temporalis and pterygoid muscles can also be affected by 
a pathologic TNR. An articular disorder of the TMJ can be caused by the disc being pulled 
anteriorly by the lateral pterygoid muscle or the temporalis muscle pulling the condyle 
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posteriorly because it is hypertonic (Alcantara et al., 2002).  Studies have also shown that 
active trigger points in these muscles can have similar patterns of pain as spontaneous TMD. 
This confirms the theory of the central and peripheral sensitization mechanisms in TMD due 
to myofascial origin (Rubis, et al., 2014). Manipulation in the cervical spine is therefore an 
effective form of treatment as it can drastically reduce pain sensitivity and intensity in patients 
with TMJ dysfunction due to myofascial origin (Armijo-Olivo et al., 2016).  
 
In rare cases some possible risks associated with cervical manipulation have been reported. 
These include, radiculopathy secondary to herniated discs or meningeal haemorrhage, 
cervical myelopathy, cerebrovascular strokes from injuries to the carotid or vertebral arteries, 
diaphragmatic paralysis or Horner syndrome, dislocation of cervical vertebrae, pathologic 
fracture, rupture of the transverse ligament and dislocation of the atlas on the axis as found 
in down syndrome due to the agenesis of the transverse ligament. They represent a small 
percentage of spinal manipulation recipients (Bergman & Peterson, 2011).   
 
2.4 Transcutaneous Electrical Nerve Stimulation 
2.4.1 Introduction 
 
TENS is a common modality used to treat TMD, as it is inexpensive, non-invasive, can be 
used in the comfort of one’s own home and it is one of the safest modalities to control both 
acute and chronic pain (Rezazadeh, Hajian, Shahidi & Piroozi, 2017). TENS uses a device 
that manages pulsed electrical current at a low voltage as a two-phase asymmetric or 
symmetric wave, adjusted as a negative peak or a positive square semi-wave. It utilises 
electrodes that are connected to the surface of the skin to treat pain and unwind hyperactive 
muscles. The electrodes are usually silicone based and are either self-adhesive or uses a 
gel application mechanism (Awan & Patil, 2015). 
 
These electrodes are positioned close to the site of highest pain or at the origin of pain, within 
the same myofascial trigger point, myotome or dermatome. To further maintain a pain-free 
setting or to further decrease pain, the electrodes can also be placed over the pathway of 
peripheral nerves. TENS devices are divided into two groups based on their pulse 
frequencies. High frequency devises utilise more than 50 Hz and Low frequency devices 
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utilise less than 10 Hz. Devices can also be mixed with both high and low frequency currents. 
While devices that have high frequencies (50-150Hz) have intensities that are low, their 
mechanism of action is more centralized and therefore it is aimed to produce long-lasting 
relieve of pain. Low frequency devices on the other hand are generally used for the relaxation 
of muscles as they have essentially a peripheral mechanism of action (Awan & Patil, 2015).  
 
 
2.4.2 Effects of TENS 
 
To achieve paraesthesia or hypoesthesia of the affected area and to avoid muscle 
contractions, one can adjust the intensity of the device according to the sensitivity of the 
patient. According to studies, intensities ranging between 10 – 30 milliamps results in few 
fasciculations and is therefore appropriate and pulse times ranging between 40-75 
microseconds is effective (Awan & Patil, 2015). 
 
Studies that have been done show that patients at rest that suffer from muscular TMD have 
greater myoelectric activity of the muscles in their jaws than those in the control group. The 
hypothesis is that this increase in myoelectric activity is the result of sensory-motor 
interactions of the craniofacial segment. This results in alterations in the generation of action 
potentials and ultimately in myoelectric amplitude. The use of TENS can decrease the 
myoelectric activity in the anterior part of these muscles as well as bring about pain relief 
(Awan & Patil, 2015).  
 
Different theories explain the useful effects of TENS. According to one theory (Gomez & 
Christensen, 1991), TENS stimulates the motor nerves directly producing rhythmic 
contractions of the muscles of mastication. This results in higher levels of oxygen and blood 
flow to the muscles and less build-up of harmful toxins and interstitial oedema. Overall, this 
leads to relieve of pain and fatigue of the muscles of mastication. The pain gate theory is 
another theory used to explain the electroanalgesia. According to the pain gate theory 
(Melzack & Wall, 1965), inside the dorsal horn of the spinal cord there is a gate that operates 
the entrance of nociceptors through afferent nerves with small diameters. The gate is closed 
when there is inhibition of the sensory neurons to the spinal and supraspinal structures due 
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to pressure or tactile stimulation on the large diameter peripheral afferent fibres through 
electric impulses. Therefore, the mechanism of action for TENS would be both peripheral 
and central. This prevents the activation of pain conducted by the fibre (Awan & Patil, 2015). 
The transmission of painful impulses through the spinal cord are inhibited by electrical 
stimulation and endogenous opioids are released by the brain (Rezazadeh et al., 2017).  
 
TENS has proven to be effective in the treatment of TMD, either on its own or in conjunction 
with other modalities. This is evidenced by multiple studies done on the matter. According to 
one study TENS provides a significant decrease in TMJ pain and tenderness from the 
temporalis, masseter and pterygoid muscle from before treatment to the fourth visit and is 
also effective in improving mouth opening in patients suffering from TMD (Patil & Aileni, 
2017). A pilot study that evaluated the electromyographic biofeedback and TENS in patients 
that suffer from bruxism concluded that both therapies led to the relaxation of the masticatory 
musculature but that TENS was more effective in reducing the electromyographic activity of 




As discussed above TMD can be caused by multiple factors. When the disorder is left 
unchecked, it can significantly affect a person’s quality of life by interfering with their activities 
of daily living. Manipulation of the TMJ and the cervical spine and TENS therapy of the 
muscles of mastication both present with numerous benefits in the treatment of TMD and 




CHAPTER 3 – METHODOLOGY 
3.1 Study Design  
 
The study was designed to be a quantitative comparative study using random group 
allocation.  
 
3.1.1 Participant Recruitment 
 
Participants were recruited via word of mouth and with the use of advertisements (Appendix 
A), which were placed around the University of Johannesburg, Doornfontein campus.  
 
3.1.2 Sample Selection and Size  
 
All participants who qualified for the research study were asked to blindly draw a number 
from a box. Inside the box there were 10 cards with “G1” written on, 10 cards with “G2” and 
10 cards with “G3”. The number the participant picked determined into which group he/she 
was allocated to. There were 30 participants in total within three groups with ten participants 
in each group. The ten participants who picked the “G1” cards were allocated to Group 1 
and received chiropractic manipulative therapy. The ten participants who picked the “G2” 
cards were allocated to Group 2 and received TENS therapy, and the ten participants who 
picked the “G3” cards were allocated to Group 3 and received a combination of both 
therapies. The distribution between male and female patients were not stratified. The 
participants had to comply with the inclusion and exclusion criteria listed below to qualify for 
the research study.  
 
3.1.3 Inclusion Criteria  
 
Potential participants had to comply with the following to be included in the trial:  
• Both male and females were included in this study. 
• Participants needed to be between the ages of 18 – 45 years old. This is because 
the mean age of TMD falls within this age range and the mean age of onset of 
osteoarthritis in patients was 45.67 years for the right TMJ and 46.03 years for the 
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left TMJ. (Manfredini, Guarda-Nardini, Winocur, Piccotti, Ahlberg & Lobbezoo, 2011; 
Lamot, Strojan & Šurlan, 2013).  
• After a thorough examination by the researcher, all participants had to present with 
the correct diagnostic criteria for TMD (Table 2.3).  
 
3.1.4 Exclusion Criteria  
 
Potential participants were excluded from the trial if they presented with any of the following 
criteria:  
• Participants with contraindications to either chiropractic manipulation (Table 3.1) or 
TENS (Table 3.2). 
• Participants who were already being treated for TMD at the time of the study as it 
could interfere with the results of this study. 
• Participants who were taking any form of non-steroidal anti-inflammatory drugs 
(NSAIDS) or analgesics that could have interfered with the study results or that could 
have led to any side effects. 
 
Table 3.1: Contraindications to Chiropractic Manipulation (Bergman & Peterson, 2011) 
THE FOLLOWING CONDITIONS ARE CONTRAINDICATED OR REQUIRE 
MODIFICATION TO CHIROPRACTIC MANIPULATION:  
• Atherosclerosis of Major Blood vessels 




• Severe Sprains 
• Late Stage Osteoarthritis  
• Uncarthrosis 
• Clotting disorders 
• Osteopenia (Osteoporosis) 
• Space-occupying Lesions 








Table 3.2: Contraindications to TENS (Everyway Medical Instruments, 2015) 
THE FOLLOWING ARE CONTRAINDICATIONS TO TRANSCUTANEOUS 
ELECTRICAL NERVE STIMULATION:  
• Placement of the TENS electrodes over the carotid sinus (neck) region. 
• Demand type cardiac pacemakers, as TENS devices can affect their operation.  
• Heart Disease. A physician should always be consulted before using any TENS 
device when you have a heart disease.  
• Placement of the TENS electrodes trans-cerebrally (through the head).  
• Any undiagnosed pain syndromes with unknown aetiology.  
 
3.2 Treatment Approach  
 
3.2.1 First and Follow-up Visits 
 
The study took place at the University of Johannesburg Chiropractic Clinic, over a period of 
3 weeks.  
 
Participants received the information letter (Appendix B) as well as the consent form 
(Appendix C), which was read and signed before they were screened to determine if they 
qualified to partake in the study and if they met all the inclusion criteria. This screening 
consisted of a case history (Appendix D), physical examination (Appendix E) and cervical 
spine regional (Appendix F). The physical exam included inspection for any lateral deviation 
or asymmetry of the mandible, as well as measurement of the opening capability of the 
mandible. Trigger point examination consisted of either flat or pincer palpation of the muscles 
of mastication. All active trigger points were documented on both the right and the left sides 
for each individual. Pain pressure algometer readings were taken from these active trigger 
points for the remainder of the study.  
 
Once a participant qualified for the study, he/she received the TMJ Scale (Appendix G) which 
subjectively measured the patient’s pain. The TMJ Scale is a questionnaire put together by 
the Pain Resource Centre and it identifies the presence of TMD as well as measures its 
overall severity. Objectively the patient’s pain was determined using the Pain Pressure 
Algometer, if any active trigger points were located during the physical examination. They 
then received one initial treatment. The participants in Group 1 received six manipulative 
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therapy treatments over a period of three weeks, the participants in Group 2 received twelve 
TENS therapy treatments over a period of three weeks and the participants in Group 3 
received six manipulative therapy treatments and twelve TENS therapy treatments over a 
period of three weeks. All groups had one additional session for readings only. The 
participants of Group 2 and Group 3 also received a guide with instruction for the use of the 
TENS machine (Appendix H) during the initial visit.  
 
3.2.2 Treatment Protocol 
 
The participants in Group 1 and Group 3 received chiropractic manipulation depending on 
their presentation, either of the TMJ or in the cervical spine, or both.  
 
The movement of the TMJ was examined by asking the patient to open, close, laterally 
deviate, protrude and retract the jaw actively and then passively by palpating the TMJ 
bilaterally and asking the patient to repeat these movements. The patient was also asked to 
place as many as possible fingers between their incisors to determine any hypo- or 
hypermobility due to joint dysfunction. The researcher recorded all restricted listings 
(Bergmann & Peterson, 2011).  
 
Manipulation of the TMJ was performed after a restricted listing had been identified. The 
patient was in the supine position with their head turned slightly and the lesion side facing 
upwards. The researcher was standing at the side of the table on the side of the contact. 
The researcher took a double-thumb reinforced contact onto the neck of the mandible, and 
delivered an impulse thrust in a Lateral – Medial direction (Bergmann & Peterson, 2011). 
Motion palpation of the cervical spine was performed according to the outlines by Bergmann 
and Peterson (2011). The patient was in the supine position, with the researcher standing or 
seated at the head of the table facing the caudal direction. The researcher used either the 
palmar surface of the fingertip or the radial or palmar surface of the index finger as a contact. 
The contact finger was then placed against the articular process of the different spinal levels 
to be examined. The researcher looked for any restrictions of movement by moving each 
segment passively into rotation and lateral flexion and the researcher then recorded all 




Once a restricted listing had been identified, the researcher delivered a cervical spine 
manipulation to the specified level. The patient was once again positioned in the supine 
position with the researcher standing or seated at the head of the table facing the caudal 
direction. The researcher then took a radial index contact onto the restricted articular facet, 
and applied an impulse thrust in a Superior - Medial direction, in line with the eyes (Bergmann 
& Peterson, 2011).  
 
The participants in Group 2 and Group 3 received TENS therapy at home. A “NeuroTrac 
TENS” unit was applied via electrodes to the surface of the skin, once the electrodes and 
the area to be treated had been cleaned with alcohol swabs. The settings for the TENS unit 
were as follows: Pulse Rate of 60 Hz and a Pulse duration of 75 µs for a maximum of 30 
minutes. The electrodes were placed between the TMJ and the coronoid process on both 
sides of the face so that the stimulus could be delivered to the trigeminal and facial nerves  
(Núñez, Garcez, Suzuki & Ribeiro, 2006; Verity Medical Ltd, 2016; Seifi et al., 2017 ). 
 
3.3 Subjective Data  
 
3.3.1 The TMJ Scale 
 
The TMJ Scale (Appendix G) from the Pain Resource Centre was used to determine 
temporomandibular dysfunction as well as to measure the treatment outcomes. This 
questionnaire was used to identify if TMD was present as well as measure how severe it 
was. It consisted of 97 questions, which examined the different symptoms and implications 
associated with TMD. Each question ranges on a scale from 0 – 4, with the nature of the 
question determining the representation of the scale. For example in questions relating to 
pain, “0” was “No pain” and “4” was “Extreme pain” while with questions relating to the 
amount of time a symptom is experienced “0” was “None of the time” while “4” was “All of 
the time”. The TMJ Scale was completed on visits one, four and seven for Group 1 and 3 
and on visits one, eight and thirteen for Group 2. This test has a high degree of internal 
consistency and stability as well as respectable predictive and convergent validity. It has 
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also been documented in at least 40 publication in peer-reviewed scientific journals that are 
highly respected (Levitt, McKinney & Lundeen, 1988).  
 
3.4 Objective Data  
 
3.4.1 Pain Pressure Algometer 
 
The Pain Pressure Algometer measures the minimum pressure that results in pain. It is a 
handheld device that is placed perpendicular over the involved active trigger point and the 
researcher applies pressure until the participant starts to feel pain. This will then capture the 
minimum pressure that has caused the pain. The device was placed over the active trigger 
points in the muscles of mastication. Data from the Pain Pressure Algometer (Appendix I) 
was taken on visits one, four and seven for Group 1 and 3 and on visits one, eight and 
thirteen for Group 2. Using the Pain Pressure Algometer is a reliable and valid method to 
measure the patients’ pain both within sessions as well as between sessions. It is also 
convenient and suitable to monitor the effects of the treatment (Potter, McCarthy & Oldham, 
2006).  
 
3.4.2 Mandibular Opening Capability 
 
Measuring mandibular opening capability in individuals with TMD is a very valid and reliable 
outcome measure. It is consistent in assessment and sensitive to clinical change (Ohrbach, 
Granger, List & Dworkin, 2008). One of the questions included in the TMJ Scale (Appendix 
G) asks how many fingers the participant can fit into their mouth. Participants were asked to 
fit as many as possible fingers into their mouth between their front incisors. Their fingers 
must be held close together with the palm of their hand held perpendicular to their mouth. 
Normally 3 fingers should be able to fit in between the front incisors. Participants from Group 
1 and 3 were asked to answer this question at visits one, four and seven and participants 
from Group 2 was asked to answer this question at visits one, eight and thirteen.  
 




The analysis of the data was done at the University of Johannesburg by the STATKON 
department. It comprised of inter-group and intra-group analysis. Inter-group analysis is the 
comparison between the three different participating groups and the intra-group analysis 
compares each of the groups over time. After assessing compliance with underlying 
assumptions for parametric tests (normality and equal variances) a decision was made as 
to the appropriate route to follow in doing the statistical analysis. Normality per group was 
determined through the Shapiro-Wilk test, and equal variances was determined through 
Levine’s test.  If the exploratory data analysis revealed parametric tests were to be used, the 
One-way ANOVA test would have been used for the inter-group analysis, which determined 
if there were normal distributions per group. With it also Post-Hoc tests that compares the 
groups with each other. For intra-group analysis the Repeated Measures ANOVA test was 
used. If non-parametric tests were to be used, the Kruskal-Wallis test was used for inter-
group analysis and the Mann-Whitney test was used as a Post-Hoc test to compare the 
groups with each other. Friedman test determined the intra-group analysis and looked at 
changes over time. If changes were identified, the Wilcoxon Signed Ranks test was used as 
a Post-Hoc to identify where the changes were. Possible associations between categorical 
variables was tested using the Chi-squared test of independence (Van Staden, 2019).  
 
3.6. Ethical Considerations 
 
All participants that wished to partake in this study were requested to read and sign the 
information letter (Appendix B) and the consent form (Appendix C) specific to this study. The 
information and consent forms outlined the names of the researcher, purpose of the study 
and benefits of partaking in the study, participant assessment and treatment procedure. Any 
risks, benefits and discomforts pertaining to the treatments involved was also explained and 
the participants were told that their safety would be ensured (prevention of harm). The 
information and consent form also explained that the participant’s privacy was protected by 
ensuring anonymity and confidentiality of their data when compiling the research 
dissertation. The participants were informed that their participation was on a voluntary basis 
and that they were free to withdraw from the study at any stage. Should the participant have 
had any further questions, these were explained by the researcher; whose contact details 
were made available. The participants were required to sign the information and consent 
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form, signifying that they understood all that was required of them for this study. Results of 
the study were made available on request. 
With regards to this study, the risks and discomforts included possible post treatment 
tenderness and on rare occasions a skin irritation or burns have been reported beneath the 
electrodes of the TENS unit. All efforts were taken to prevent this. These efforts included: 
cleaning the area to be treated before the application of the electrodes, applying the 
electrodes from the centre outward to prevent any possible “pulling stress” from adhesive 
patches that are excessively stretched across the skin and removing the electrodes by 
pulling in the direction of hair growth. The benefits of this study were a possible improvement 
in the severity and/or frequency of the participants’ temporomandibular disorder symptoms. 
Any participant that required further treatment after the completion of this study received the 
most beneficial treatment free of charge. It was not necessary to refer any participants for 
further assessment as nothing of concern was detected during the case history, physical 
exam or cervical spine regional exams.  
 
Permission to potentially recruit students and conduct the study on campus at the 
Chiropractic Clinic was requested from the Department of Research and Innovation 
(Appendix J). It was confirmed by the Faculty of Health Sciences Research Ethics 
Committee that the study complied with the necessary ethical standards (Appendix K) and 
the Faculty of Health Sciences Higher Degrees Committee that the study complied with the 
approved research standards of the University of Johannesburg (Appendix L). An originality 
report from Turnitin (Appendix M) for this study was submitted to comply with the strict 




CHAPTER 4 – RESULTS 
The number of participants for this study were reduced from 30 to 27 due to the shutdown 
of the Chiropractic Clinic as a result of the Covid-19 pandemic. Thus, all the data below is 
based on those 27 participants only. Group 1 consisted of 10 participants, Group 2 
consisted of 9 participants and Group 3 consisted of 8 participants.  
4.1 Introduction 
The aim of this chapter is to present the results collected from the clinical trials of this study. 
All the objective and subjective data was statistically analysed in order to establish if there 
was a statistically significant improvement between the three groups and subsequently 
where the improvements occurred.  
The results from this comparative study cannot be used to make assumptions concerning 
the population as a whole, as it only represents a small group of subjects.  
The measurements recorded for analysis purposes during this study included:  
• Demographical data analysis 
• Objective data analysis:  
o Pain Pressure Algometer 
o Mandibular Opening Capability  
• Subjective data analysis: 
o The TMJ Scale 
4.1.1 Intragroup analysis 
The Shapiro-Wilk test was used to test for normality in each of the groups as the groups 
consisted of less than 50 participants. Due to the small sample size of this study and the 
abnormal distribution of statistics, non-parametric testing was applied. Intragroup analysis 
was performed by using Friedman test to establish changes over time for each group at each 
time interval. The Wilcoxon Signed Rank test was used next as a Post-Hoc to identify where 
the changes occurred.  
4.1.2 Intergroup analysis 
This was used to determine if there were any statistically significant changes that occurred 
between the groups at reading 1, reading 2 and reading 3. The statistics were not normally 
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distributed and therefore non-parametric testing was used. The Mann-Whitney U test was 
used for the intergroup analyses. A probability value (p-value) of 0.05 was used to test the 
level of significance of the results of this study. A level of significance was indicated if the p-
value was less than or equal to 0.05 (≤ 0.05). No statistical finding was present if the p-value 
was more than 0.05 (>0.05).  
4.2 Demographic Data Analysis 
4.2.1 Gender and Age Analysis 






















19-27 18-31 19-34 18-34 
Mean age 
(years) 
22.8 23.67 24.38 23.56 
 
Table 4.1 above illustrates that the sample group in this study consisted of 18 females and 
9 males. Overall, 66.67% were females and 33.33% were males. The participants were aged 
between 18 and 34 years. The mean age was 23.56 years.  
Group 1 consisted of 70% females and 30% males, the participants were aged between 19-
27 years with a mean age of 22.8 years.  
Group 2 consisted of 55.56% females and 44.44% males, the participants were aged 
between 18-31 years with a mean age of 23.67 years.  
Group 3 consisted of 75% females and 25% males, the participants were aged between 19-
34 years with a mean age of 24.38 years.  
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4.3 Objective Data Analysis 
The objective data analysis included the Pain Pressure Algometer readings and the 
Mandibular Opening Capability.  
4.3.1 Pain Pressure Algometer Readings 
Throughout the course of this clinical trial the pain pressure algometer was used to acquire 
the main objective measurement to establish the pain pressure threshold over the involved 
active trigger point. The pain ratings between the groups were compared by using descriptive 
and normality testing. Non-parametric tests were used as most of the statistics were not 
normally distributed.  
Descriptive Statistics 
Table 4.2 Mean of the Pain Pressure Algometer Readings of the Left side 
Reading:  Group 1 
(Manipulation only) 





 Mean (average) Mean (average) Mean (average) 
Reading 1 2.52 2.30 1.75 
Reading 2 2.64 2.56 2.20 
Reading 3 2.62 2.86 2.20 
 
Group 1 had a mean value of 2.52 𝐤𝐠/𝐜𝐦𝟐 (± 1.09 SD) at reading 1, 2.64 𝐤𝐠/𝐜𝐦𝟐 (± 
0.91 SD) at reading 2 and 2.62 𝐤𝐠/𝐜𝐦𝟐 (± 1.07 SD) at reading 3. The average 
improvement from reading 1 to reading 2 was 4.60%, 0.64% from reading 2 to reading 3, 
and 3.76% from reading 1 to reading 3. 
Group 2 had a mean value of 2.30 𝐤𝐠/𝐜𝐦𝟐 (± 0.60 SD) at reading 1, 2.56 𝐤𝐠/𝐜𝐦𝟐 (± 
0.74 SD) at reading 2 and 2.86 𝐤𝐠/𝐜𝐦𝟐 (± 0.88 SD) at reading 3. The average 
improvement from reading 1 to reading 2 was 10.16%, 10.42% from reading 2 to reading 3, 
and 19.52% from reading 1 to reading 3. 
Group 3 had a mean value of 1.75 𝐤𝐠/𝐜𝐦𝟐 (± 0.74 SD) at reading 1, 2.20 𝐤𝐠/𝐜𝐦𝟐 (± 
0.32 SD) at reading 2 and 2.20 𝐤𝐠/𝐜𝐦𝟐 (± 0.88 SD) at reading 3. The average 
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improvement from reading 1 to reading 2 was 20.59%, 0.05% from reading 2 to reading 3, 
and 20.55% from reading 1 to reading 3.  
The 0.64% average improvement in Group 1 and the 0.05% average improvement in Group 
3 between reading 2 and reading 3 can be ascribed to the fact that the number of participants 
decreased from 30 participants to 27 participants at this point in time due to the shutdown of 
the Chiropractic Clinic as a result of the Covid-19 pandemic. 
Table 4.3 Comparison between average improvement between groups on the Left side 
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 4.60% 10.16% 20.59% 
Reading 2 – Reading 3 0.64% 10.42% 0.05% 
Reading 1 – Reading 3 3.76% 19.52% 20.55% 
 
The table above illustrates that Group 3 had the highest improvement from reading 1 to 
reading 3 on the left side, with 20.55%. The average improvement for Group 2 from reading 
1 to reading 3 was very close to that of Group 3, with 19.52%. The difference between the 
groups being less than 1% are therefore almost negligible. Both of these increases in 
percentages show a clinically significant improvement on the left side.  
Table 4.4 Mean of the Pain Pressure Algometer Readings of the Right side.  
Reading: Group 1 
(Manipulation only) 





 Mean (average) Mean (average) Mean (average) 
Reading 1 2.57 2.02 1.74 
Reading 2 2.54 2.33 1.98 




Group 1 had a mean value of 2.57 𝐤𝐠/𝐜𝐦𝟐 (± 1.09 SD) at reading 1, 2.54 𝐤𝐠/𝐜𝐦𝟐 (± 
0.97 SD) at reading 2 and 2.86 𝐤𝐠/𝐜𝐦𝟐 (± 1.03 SD) at reading 3. The average 
improvement from reading 1 to reading 2 was 1.3%, 11.17% from reading 2 to reading 3, 
and 10.01% from reading 1 to reading 3. 
Group 2 had a mean value of 2.02 𝐤𝐠/𝐜𝐦𝟐 (± 0.51 SD) at reading 1, 2.33 𝐤𝐠/𝐜𝐦𝟐 (± 
0.68 SD) at reading 2 and 2.75 𝐤𝐠/𝐜𝐦𝟐 (± 0.52 SD) at reading 3. The average 
improvement from reading 1 to reading 2 was 13.41%, 15.45% from reading 2 to reading 3, 
and 26.79% from reading 1 to reading 3. 
Group 3 had a mean value of 1.74 𝐤𝐠/𝐜𝐦𝟐 (± 0.56 SD) at reading 1, 1.98 𝐤𝐠/𝐜𝐦𝟐 (± 
0.72 SD) at reading 2 and 2.35 𝐤𝐠/𝐜𝐦𝟐 (± 1.02 SD) at reading 3. The average 
improvement from reading 1 to reading 2 was 12.27%, 15.69% from reading 2 to reading 3, 
and 26.03% from reading 1 to reading 3. 
Table 4.5 Comparison between average improvement between groups on the Right side 
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 1.3% 13.41% 12.27% 
Reading 2 – Reading 3 11.17% 15.45% 15.69% 
Reading 1 – Reading 3 10.01% 26.79% 26.03% 
 
The table above illustrates that Group 2 had the highest improvement from reading 1 to 
reading 3 on the right side, with 26.79%. The average improvement for Group 3 from reading 
1 to reading 3 was very close to that of Group 2, with 26.03%. The difference between the 
groups being less than 1% are therefore almost negligible. Both of these increases in 
percentages show a clinically significant improvement on the right side. 
Friedman Test 
Friedman test was used to determine if there was a change in each group over time. A 




Table 4.6 Friedman test for each group on the Left side 
 Group 1 
(Manipulation only) 









Reading 1 1.60 0.000 1.67 0.000 1.25 0.000 
Reading 2 2.45 2.11 2.38 
Reading 3 1.95 2.22 2.38 
 
Group 1 had a mean value of 1.60 𝐤𝐠/𝐜𝐦𝟐 for reading 1, 2.45 𝐤𝐠/𝐜𝐦𝟐 for reading 2 and 
1.95 𝐤𝐠/𝐜𝐦𝟐 for reading 3. There was a 17.95% improvement between reading 1 and 
reading 3 for group 1. The p-value for group 1 was 0.000 which is ≤ 0.05 and therefore 
indicates statistical significance.  
Group 2 had a mean value of 1.67 𝐤𝐠/𝐜𝐦𝟐 for reading 1, 2.11 𝐤𝐠/𝐜𝐦𝟐 for reading 2 and 
2.22 𝐤𝐠/𝐜𝐦𝟐 for reading 3. There was a 24.77% improvement between reading 1 and 
reading 3 for group 2. The p-value for group 2 was 0.000 which is ≤ 0.05 and therefore 
indicates statistical significance.  
Group 3 had a mean value of 1.25 𝐤𝐠/𝐜𝐦𝟐 for reading 1, 2.38 𝐤𝐠/𝐜𝐦𝟐 for reading 2 and 
2.38 𝐤𝐠/𝐜𝐦𝟐 for reading 3. There was a 47.48% improvement between reading 1 and 
reading 3 for group 3. The p-value for group 3 was 0.000 which is ≤ 0.05 and therefore 
indicates statistical significance.  
Table 4.7 Friedman test for each group on the Right side 
 Group 1 
(Manipulation only) 









Reading 1 1.75 0.000 1.44 0.000 1.50 0.000 
Reading 2 1.85 1.89 1.75 
Reading 3 2.40 2.67 2.75 
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Group 1 had a mean value of 1.75 𝐤𝐠/𝐜𝐦𝟐 for reading 1, 1.85 𝐤𝐠/𝐜𝐦𝟐 for reading 2 and 
2.40 𝐤𝐠/𝐜𝐦𝟐 for reading 3. There was a 27.08% improvement between reading 1 and 
reading 3 for group 1. The p-value for group 1 was 0.000 which is ≤ 0.05 and therefore 
indicates statistical significance.  
Group 2 had a mean value of 1.44 𝐤𝐠/𝐜𝐦𝟐 for reading 1, 1.89 𝐤𝐠/𝐜𝐦𝟐 for reading 2 and 
2.67 𝐤𝐠/𝐜𝐦𝟐 for reading 3. There was a 46.07% improvement between reading 1 and 
reading 3 for group 2. The p-value for group 2 was 0.000 which is ≤ 0.05 and therefore 
indicates statistical significance.  
Group 3 had a mean value of 1.50 𝐤𝐠/𝐜𝐦𝟐 for reading 1, 1.75 𝐤𝐠/𝐜𝐦𝟐 for reading 2 and 
2.75 𝐤𝐠/𝐜𝐦𝟐 for reading 3. There was a 45.45% improvement between reading 1 and 
reading 3 for group 3. The p-value for group 3 was 0.000 which is ≤ 0.05 and therefore 
indicates statistical significance.  
The results in the tables above shows that when the Friedman test was used to compare the 
pain pressure algometer readings between the groups, a statistical significance was found 
as all the p-values was less than 0.05. This indicates that there was a change in pain over 
time.  
Wilcoxon Signed Rank test 
Wilcoxon Signed Rank test was used to determine when these changes occurred, as these 
changes occurred in all three groups.  A statistical significance was noted if there was a p-
value less than or equal to 0.05 (≤ 0.05). The Bonferroni adjustment was also applied to 
prevent the data from appearing incorrectly, so the new p-value becomes less than or equal 









Table 4.8 Wilcoxon Signed Rank test for each group on the Left side 
Readings p-value 
 Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 0.285 0.386 0.086 
Reading 2 – Reading 3 0.477 0.515 0.327 
Reading 1 – Reading 3 0.646 0.050 0.012 
 
The table above shows that the only statistically significant result was in Group 3 between 
reading 1 and reading 3 with a p-value of 0.012. 
Table 4.9 Wilcoxon Signed Rank test for each group on the Right side 
Readings p-value 
 Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 0.767 0.241 0.139 
Reading 2 – Reading 3 0.114 0.038 0.050 
Reading 1 – Reading 3 0.203 0.011 0.017 
 
The table above shows that there was statistical significant results in Group 2 between 
reading 1 and reading 3 with a p-value of 0.011 and Group 3 between reading 1 and reading 
3 with a p-value of 0.017.  
4.3.2 Mandibular Opening Capability 
The mandibular opening capability was measured during the TMJ Scale questionnaire and 
will therefore be analysed with the results from the questionnaire.  
4.4 Subjective Data Analysis 
The subjective data analysis included the TMJ Scale. 
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4.4.1 The TMJ Scale 
The TMJ scale consisted out of 97 questions in total. Due to this large number, the questions 
were grouped into categories with questions of a similar nature (See Table 4.10 below) as it 
would have been impractical to do non-parametric tests for each individual question.  
Table 4.10 The TMJ Scale Categories of Questions 
Categories of Questions: 
1. Jaw Opening and Jaw Movements 
2. Pain 
3. Nerve Symptoms 
4. Joint Noises and Clicking 
5. Sinuses and Ears 
6. Headache’s 
7. General Health and Chronic Conditions 
8. Swallowing and Chewing 
9. Clenching and Grinding 
10. Bite 
11. Other Painful Joints 
12. Emotions and Anxiety 
13. Stress 
 
The scoring of the questions was done with three scales (Table 4.10, Table 4.11 and Table 
4.12) that ranged from a score of 0 – 4.  
Table 4.11 The TMJ Scale Question Ranking Scale 1 (Levitt, Mckinney & Lundeen, 1988) 
Less than one finger 0 
At least 1 finger 1 
At least 2 fingers 2 
At least 3 fingers 3 
At least 4 fingers 4 
 
The ranking scale represented in Table 4.11 was only used for question 1. 
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Table 4.12 The TMJ Scale Question Ranking Scale 2 (Levitt, Mckinney & Lundeen, 1988) 
No pain 0 
Slight pain 1 
Moderate pain 2 
Quite a bit of pain 3 
Extreme pain 4 
 
The ranking scale represented in Table 4.12 was used for questions 2-8. 
Table 4.13 The TMJ Scale Question Ranking Scale 3 (Levitt, Mckinney & Lundeen, 1988) 
None of the time 0 
A little of the time 1 
A moderate amount of the time 2 
Quite a bit of the time 3 
All of the time 4 
 
The ranking scale represented by Table 4.13 was used for questions 9-97.  
The categories of questions and their results are described in detail below.  
4.4.2 Category 1: Questions regarding Jaw Opening and Jaw Movements 
This category consisted of the following questions: 
1. This question should only be answered if you have upper and lower front teeth 
or are wearing a replacement for them. Open your mouth as wide as possible 
and position your hand as shown in the diagram below. Place as many fingers 
as possible between your upper and lower front teeth. Now mark one number 
below indicating the number of fingers.  
11. My jaw opens all the way without any sideways movements 
12. My jaw locks open 
14 My jaw moves easily 
21. I can move my jaw more to the one side than the other 
27. I have jaw pain which gets worse the more I move my jaw 
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34. I can open my mouth as far as possible without pain 
46. I can move my jaw smoothly 
52. My jaw twitches or jerks uncontrollably 
68. I can open my mouth as wide as I used to 
73. My jaw gets stuck and won’t open all the way 
76. I can move my jaw in any direction without pain 
82. I can take big bites of things like apples 
90. My jaw moves just as far forward as it used to  
 
Figure 4.1 A Box and Whisker Diagram representing the data collected from the questions 
regarding Jaw Opening and Jaw Movements at Week 1 (reading 1), Week 2 (reading 2) and 
Week 3 (reading 3) for all 3 groups.  
Descriptive statistics 
In Group 1 (Manipulation only) it can be seen from Figure 4.1 above that reading 1 had a 
mean value of 2.75 (SD ± 0.83), reading 2 had a mean value of 2.93 (SD ± 0.76) and reading 





















from reading 1 to reading 2, a 2.84% clinical improvement from reading 2 to reading 3 and 
an 8.77% clinical improvement from reading 1 to reading 3.  
In Group 2 (TENS only) it can be seen from Figure 4.1 above that reading 1 had a mean 
value of 2.71 (SD ± 0.53), reading 2 had a mean value of 2.66 (SD ± 0.52) and reading 3 
had a mean value of 2.87 (SD ± 0.75). This means there was a -1.6% clinical improvement 
from reading 1 to reading 2, a 7.01% clinical improvement from reading 2 to reading 3 and 
a 5.51% clinical improvement from reading 1 to reading 3.  
In Group 3 (Manipulation and TENS) it can be seen from Figure 4.1 above that reading 1 
had a mean value of 2.53 (SD ± 0.74), reading 2 had a mean value of 2.75 (SD ± 0.63) and 
reading 3 had a mean value of 2.94 (SD ± 0.57). This means there was an 8.18% clinical 
improvement from reading 1 to reading 2, a 7.32% clinical improvement from reading 2 to 
reading 3 and a 13.92% clinical improvement from reading 1 to reading 3.  
Table 4.14 Comparison between average improvement between groups for questions 
regarding Jaw Opening and Jaw Movements  
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 6.1% -1.6% 8.18% 
Reading 2 – Reading 3 2.84% 7.01% 7.32% 
Reading 1 – Reading 3 8.77% 5.51% 13.92% 
 
The table above illustrates that Group 3 had the highest improvement from reading 1 to 
reading 3 for questions regarding Jaw Opening and Jaw Movements with 13.92%.  
Friedman test 
Friedman test was the non-parametric test used to determine if there was a change in each 
group over time. A statistical significance was noted if there was a p-value less than or equal 
to 0.05 (≤ 0.05).  
Group 1 showed a p-value of 0.301, Group 2 a p-value of 0.282 and Group 3 a p-value of 
0.968. Since all of these p-values were more than 0.05 (>0.05) it indicated that no statistically 
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significant changes took place over time and there was thus no need to perform the Wilcoxon 
Signed Rank test. 
4.4.3 Category 2: Questions regarding Pain 
This category consisted of the following questions: 
2. Pressing my temples (A on diagram) 
3. Pressing my jaw joints (B on diagram) 
4. Pressing my jaw muscles (C on diagram) 
5. Pressing the muscles under the sides of my jaw (D on diagram) 
7. Pressing the back of my neck (G on diagram) 
8. Pressing the sides of my neck (H on diagram) 
16. I have pain in my jaw joint(s) (B on the diagram) 
19. It hurts my teeth when I bite 
35. I have pain in or behind my eye(s) 
40. I can bite down hard without pain in my jaw 
42. I have jaw pain which makes me feel sick or feverish 
45. I use nerve pills, sleeping pills, or alcohol for relief 
49. I have pain in my jaw muscles (C on diagram) 
50. I have pain in the back of my neck (G on diagram) 
57. I have pain which gets worse with certain people or situations 
58. I have pain in the side(s) of my neck (H on diagram) 
65. I have pain in the muscles under my jaw (D on diagram) 
66. I have pain in my temple(s) (A on diagram) 
71. I have head or facial pain which gets worse when I bend over 
77. I have facial pain which gets worse in cold weather 




Figure 4.2 A Box and Whisker Diagram representing the data collected from the questions 
regarding Pain at Week 1 (reading 1), Week 2 (reading 2) and Week 3 (reading 3) for all 3 
groups.  
Descriptive statistics 
In Group 1 (Manipulation only) it can be seen from Figure 4.2 above that reading 1 had a 
mean value of 2.90 (SD ± 0.61), reading 2 had a mean value of 3.26 (SD ± 0.48) and reading 
3 had a mean value of 3.46 (SD ± 0.50). This means there was an 11.11% clinical 
improvement from reading 1 to reading 2, a 5.92% clinical improvement from reading 2 to 
reading 3 and a 16.37% clinical improvement from reading 1 to reading 3.  
In Group 2 (TENS only) it can be seen from Figure 4.2 above that reading 1 had a mean 
value of 2.51 (SD ± 0.58), reading 2 had a mean value of 2.91 (SD ± 0.43) and reading 3 
had a mean value of 3.19 (SD ± 0.33). This means there was a 13.75% clinical improvement 
from reading 1 to reading 2, an 8.66% clinical improvement from reading 2 to reading 3 and 
a 21.21% clinical improvement from reading 1 to reading 3.  
In Group 3 (Manipulation and TENS) it can be seen from Figure 4.2 above that reading 1 
had a mean value of 2.67 (SD ± 0.36), reading 2 had a mean value of 2.95 (SD ± 0.39) and 





















improvement from reading 1 to reading 2, a 12.68% clinical improvement from reading 2 to 
reading 3 and a 21.13% clinical improvement from reading 1 to reading 3.  
Table 4.15 Comparison between average improvement between groups for questions 
regarding Pain  
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 11.11% 13.75% 9.68% 
Reading 2 – Reading 3 5.92% 8.66% 12.68% 
Reading 1 – Reading 3 16.37% 21.21% 21.13% 
 
The table above illustrates that Group 2 had the highest improvement from reading 1 to 
reading 3 for questions regarding Pain with 21.21%. The average improvement for Group 3 
from reading 1 to reading 3 was very close to that of Group 2, with 21.13%. The difference 
between the groups being less than 1% are therefore almost negligible.  
Friedman test 
Friedman test was the non-parametric test used to determine if there was a change in each 
group over time. A statistical significance was noted if there was a p-value less than or equal 
to 0.05 (≤ 0.05).  
Table 4.16 Friedman test representing the data collected from the questions regarding Pain 
at Week 1 (reading 1), Week 2 (reading 2) and Week 3 (reading 3) for all 3 groups.  
 Group 1 
(Manipulation only) 









Reading 1 1.25 0.001 1.00 0.000 1.25 0.002 
Reading 2 1.90 2.06 1.75 




Group 1 had a mean value of 1.25 for reading 1, 1.90 for reading 2 and 2.85 for reading 3. 
There was a 56.14% improvement between reading 1 and reading 3 for group 1. The p-value 
for group 1 was 0.001 which is ≤ 0.05 and therefore indicates statistical significance.  
Group 2 had a mean value of 1.00 for reading 1, 2.06 for reading 2 and 2.94 for reading 3. 
There was a 65.99% improvement between reading 1 and reading 3 for group 2. The p-value 
for group 2 was 0.000 which is ≤ 0.05 and therefore indicates statistical significance.  
Group 3 had a mean value of 1.25 for reading 1, 1.75 for reading 2 and 3.00 for reading 3. 
There was a 58.33% improvement between reading 1 and reading 3 for group 3. The p-value 
for group 3 was 0.002 which is ≤ 0.05 and therefore indicates statistical significance.  
The results in the tables above shows that when the Friedman test was used to compare the 
data collected from the questions regarding pain between the groups, a statistical 
significance was found as all the p-values was less than 0.05. This indicates that there was 
a change in pain over time in all 3 Groups.  
Wilcoxon Signed Rank test 
Wilcoxon Signed Rank test was used to determine when these changes occurred, as these 
changes occurred in all three groups.  A statistical significance was noted if there was a p-
value less than or equal to 0.05 (≤ 0.05). The Bonferroni adjustment was also applied to 
prevent the data from appearing incorrectly, so the new p-value becomes less than or equal 
to 0.02 (≤ 0.02) to be statistically significant. 
Table 4.17 Wilcoxon Signed Rank test representing the data collected from the questions 
regarding Pain at Week 1 (reading 1), Week 2 (reading 2) and Week 3 (reading 3) for all 3 
groups. 
Readings p-value 
 Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 0.022 0.005 0.097 
Reading 2 – Reading 3 0.012 0.012 0.012 




The table above shows that the p-values for all three groups between reading 2 – reading 3 
and between reading 1 and reading 3 was less than or equal to 0.02 (≤ 0.02). This thus 
indicates that there was a statistical significance at each point in time for all three groups.  
4.4.4 Category 3: Questions regarding Nerve Symptoms 
This category consisted of the following questions: 
7. Just a light touch on my face causes shock-like pain 
33. I have facial pain that comes on suddenly like electric shocks 
44. I have numb areas on my face 
48. I have a feeling of pins and needles on my face 
55. Light touch on one side of my face causes shock-like pain on the other 
72. When I touch one side of my face, the other side gets numb 
 
Figure 4.3 A Box and Whisker Diagram representing the data collected from the questions 
regarding Nerve Symptoms at Week 1 (reading 1), Week 2 (reading 2) and Week 3 (reading 






















In Group 1 (Manipulation only) it can be seen from Figure 4.3 above that reading 1 had a 
mean value of 3.78 (SD ± 0.42), reading 2 had a mean value of 3.78 (SD ± 0.28) and reading 
3 had a mean value of 3.95 (SD ± 0.11). This means there was a 2.16% clinical improvement 
from reading 1 to reading 2, a 1.28% clinical improvement from reading 2 to reading 3 and 
a 3.41% clinical improvement from reading 1 to reading 3.  
In Group 2 (TENS only) it can be seen from Figure 4.3 above that reading 1 had a mean 
value of 3.87 (SD ± 0.26), reading 2 had a mean value of 3.75 (SD ± 0.33) and reading 3 
had a mean value of 3.89 (SD ± 0.22). This means there was a -0.89% clinical improvement 
from reading 1 to reading 2, a 4.03% clinical improvement from reading 2 to reading 3 and 
a 3.18% clinical improvement from reading 1 to reading 3.  
In Group 3 (Manipulation and TENS) it can be seen from Figure 4.3 above that reading 1 
had a mean value of 3.92 (SD ± 0.21), reading 2 had a mean value of 3.91 (SD ± 0.19) and 
reading 3 had a mean value of 4.00 (SD ± 0.00). This means there was a -1.57% clinical 
improvement from reading 1 to reading 2, a 2.78% clinical improvement from reading 2 to 
reading 3 and a 1.25% clinical improvement from reading 1 to reading 3.  
Table 4.18 Comparison between average improvement between groups for questions 
regarding Nerve Symptoms  
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 2.16% -0.89% -1.57% 
Reading 2 – Reading 3 1.28% 4.03% 2.78% 
Reading 1 – Reading 3 3.41% 3.18% 1.25% 
 
The table above illustrates that Group 1 had the highest improvement from reading 1 to 
reading 3 for questions regarding Nerve Symptoms with 3.41%.  
Friedman test 
Friedman test was the non-parametric test used to determine if there was a change in each 
group over time. A statistical significance was noted if there was a p-value less than or equal 
to 0.05 (≤ 0.05).  
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Group 1 showed a p-value of 0.179, Group 2 a p-value of 0.368 and Group 3 a p-value of 
0.607. Since all of these p-values were more than 0.05 (>0.05) it indicated that no statistically 
significant changes took place over time and there was thus no need to perform the Wilcoxon 
Signed Rank test. 
4.4.5 Category 4: Questions regarding Joint Noises and Clicking 
This category consisted of the following questions: 
9. My jaw must click or pop before I can open it wide 
36. My jaw makes a grating or grinding noise when it opens and closes 
39. My jaw clicks or pops when I chew 
62. Other people notice noise from my jaw when I chew 
 
Figure 4.4 A Box and Whisker Diagram representing the data collected from the questions 
regarding Joint Noises and Clicking at Week 1 (reading 1), Week 2 (reading 2) and Week 3 






















In Group 1 (Manipulation only) it can be seen from Figure 4.4 above that reading 1 had a 
mean value of 3.00 (SD ± 0.61), reading 2 had a mean value of 3.25 (SD ± 0.66) and reading 
3 had a mean value of 3.18 (SD ± 0.60). This means there was a 7.69% clinical improvement 
from reading 1 to reading 2, a -2.36% clinical improvement from reading 2 to reading 3 and 
a 5.51% clinical improvement from reading 1 to reading 3.  
In Group 2 (TENS only) it can be seen from Figure 4.4 above that reading 1 had a mean 
value of 2.65 (SD ± 0.64), reading 2 had a mean value of 3.05 (SD ± 0.76) and reading 3 
had a mean value of 3.28 (SD ± 0.70). This means there was a 13.11% clinical improvement 
from reading 1 to reading 2, a 6.95% clinical improvement from reading 2 to reading 3 and 
a 19.15% clinical improvement from reading 1 to reading 3.  
In Group 3 (Manipulation and TENS) it can be seen from Figure 4.4 above that reading 1 
had a mean value of 1.98 (SD ± 1.28), reading 2 had a mean value of 2.56 (SD ± 1.22) and 
reading 3 had a mean value of 3.19 (SD ± 0.88). This means there was a 22.72% clinical 
improvement from reading 1 to reading 2, a 19.82% clinical improvement from reading 2 to 
reading 3 and a 38.04% clinical improvement from reading 1 to reading 3.  
Table 4.19 Comparison between average improvement between groups for questions 
regarding Joint Noises and Clicking  
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 7.69% 13.11% 22.72% 
Reading 2 – Reading 3 -2.36% 6.95% 19.82% 
Reading 1 – Reading 3 5.51% 19.15% 38.04% 
 
The table above illustrates that Group 3 had the highest improvement from reading 1 to 
reading 3 for questions regarding Joint Noises and Clicking with 38.04%.  
Friedman test 
Friedman test was the non-parametric test used to determine if there was a change in each 
group over time. A statistical significance was noted if there was a p-value less than or equal 
to 0.05 (≤ 0.05).  
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Table 4.20 Friedman test representing the data collected from the questions regarding Joint 
Noises and Clicking at Week 1 (reading 1), Week 2 (reading 2) and Week 3 (reading 3) for 
all 3 groups.  
 Group 1 
(Manipulation only) 









Reading 1 1.80 0.657 1.44 0.044 1.44 0.005 
Reading 2 2.15 2.00 1.75 
Reading 3 2.05 2.56 2.81 
 
Group 1 had a mean value of 1.80 for reading 1, 2.15 for reading 2 and 2.05 for reading 3. 
There was a 12.20% improvement between reading 1 and reading 3 for group 1. The p-value 
for group 1 was 0.657 which is > 0.05 and therefore indicates no statistical significance.  
Group 2 had a mean value of 1.44 for reading 1, 2.00 for reading 2 and 2.56 for reading 3. 
There was a 43.75% improvement between reading 1 and reading 3 for group 2. The p-value 
for group 2 was 0.044 which is ≤ 0.05 and therefore indicates statistical significance.  
Group 3 had a mean value of 1.44 for reading 1, 1.75 for reading 2 and 2.81 for reading 3. 
There was a 48.75% improvement between reading 1 and reading 3 for group 3. The p-value 
for group 3 was 0.005 which is ≤ 0.05 and therefore indicates statistical significance.  
The results in the tables above shows that when the Friedman test was used to compare the 
data collected from the questions regarding joint noises and clicking between the groups, a 
statistical significance was found in Group 2 and Group 3 as their the p-values was less than 
0.05. This indicates that there was a change in symptoms regarding joint noises and clicking 
over time in Group 2 and Group 3.  
Wilcoxon Signed Rank test 
Wilcoxon Signed Rank test was used to determine when these changes occurred, as these 
changes occurred in all three groups.  A statistical significance was noted if there was a p-
value less than or equal to 0.05 (≤ 0.05). The Bonferroni adjustment was also applied to 
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prevent the data from appearing incorrectly, so the new p-value becomes less than or equal 
to 0.02 (≤ 0.02) to be statistically significant. 
Table 4.21 Wilcoxon Signed Rank test representing the data collected from the questions 
regarding Joint Noises and Clicking at Week 1 (reading 1), Week 2 (reading 2) and Week 3 
(reading 3) for all 3 groups. 
Readings p-value 
 Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 0.254 0.139 0.058 
Reading 2 – Reading 3 0.705 0.105 0.017 
Reading 1 – Reading 3 0.469 0.017 0.026 
 
The table above shows that the only statistically significant results were for Group 2 between 
reading 1 and reading 3 with a p-value of 0.017, and Group 3 between reading 2 and reading 
3 with a p-value of 0.017.  
4.4.6 Category 5: Questions regarding Sinuses and Ears 
This category consisted of the following questions: 
6.  Pressing in my ears (E on diagram) 
23. I have drainage from my ear(s) 
29. I have pain in my ear(s) (E on diagram) 
30. I have sinus problems 
56. I have a ringing in my ear(s) 
79. I have a stuffy nose 
88. My ears feel blocked or stopped up 




Figure 4.5 A Box and Whisker Diagram representing the data collected from the questions 
regarding Sinuses and Ears at Week 1 (reading 1), Week 2 (reading 2) and Week 3 (reading 
3) for all 3 groups.  
Descriptive statistics 
In this category a clinical decline in values represents a decline in undesirable 
symptoms, which reflects a positive outcome.  
In Group 1 (Manipulation only) it can be seen from Figure 4.5 above that reading 1 had a 
mean value of 0.91 (SD ± 0.73), reading 2 had a mean value of 0.61 (SD ± 0.45) and reading 
3 had a mean value of 0.69 (SD ± 0.91). This means there was a 48.98% clinical decline 
from reading 1 to reading 2, a 10.91% clinical increase from reading 2 to reading 3 and a 
32.73% clinical decline from reading 1 to reading 3.  
In Group 2 (TENS only) it can be seen from Figure 4.5 above that reading 1 had a mean 
value of 1.18 (SD ± 0.70), reading 2 had a mean value of 1.01 (SD ± 0.66) and reading 3 
had a mean value of 0.76 (SD ± 0.52). This means there was a 16.05% clinical decline from 
reading 1 to reading 2, a 32.54% clinical decline from reading 2 to reading 3 and a 53.82% 





















In Group 3 (Manipulation and TENS) it can be seen from Figure 4.5 above that reading 1 
had a mean value of 0.88 (SD ± 0.63), reading 2 had a mean value of 0.70 (SD ± 0.49) and 
reading 3 had a mean value of 0.39 (SD ± 0.14). This means there was a 23.54% clinical 
decline from reading 1 to reading 2, an 81.34% clinical decline from reading 2 to reading 3 
and a 124.01% clinical decline from reading 1 to reading 3.  
Table 4.22 Comparison between average rates of decline between groups for questions 
regarding Sinuses and Ears  
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 48.98% 16.05% 23.54% 
Reading 2 – Reading 3 -10.91% 32.54% 81.34% 
Reading 1 – Reading 3 32.73% 53.82% 124.01% 
 
The table above illustrates that Group 3 had the highest rate of decline in symptoms from 
reading 1 to reading 3 for questions regarding Sinuses and Ears with 124.01%.  
Friedman test 
Friedman test was the non-parametric test used to determine if there was a change in each 
group over time. A statistical significance was noted if there was a p-value less than or equal 
to 0.05 (≤ 0.05).  
Table 4.23 Friedman test representing the data collected from the questions regarding 
Sinuses and Ears at Week 1 (reading 1), Week 2 (reading 2) and Week 3 (reading 3) for all 
3 groups.  
 Group 1 
(Manipulation only) 









Reading 1 2.70 0.017 2.67 0.014 2.19 0.097 
Reading 2 1.75 2.00 2.38 
Reading 3 1.55 1.33 1.44 
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Group 1 had a mean value of 2.70 for reading 1, 1.75 for reading 2 and 1.55 for reading 3. 
There was a 74.19% decline between reading 1 and reading 3 for group 1. The p-value for 
group 1 was 0.017 which is ≤ 0.05 and therefore indicates statistical significance.  
Group 2 had a mean value of 2.67 for reading 1, 2.00 for reading 2 and 1.33 for reading 3. 
There was a 100.75% decline between reading 1 and reading 3 for group 2. The p-value for 
group 2 was 0.014 which is ≤ 0.05 and therefore indicates statistical significance.  
Group 3 had a mean value of 2.19 for reading 1, 2.38 for reading 2 and 1.44 for reading 3. 
There was a 52.08% decline between reading 1 and reading 3 for group 3. The p-value for 
group 3 was 0.097 which is > 0.05 and therefore indicates no statistical significance.  
The results in the tables above shows that when the Friedman test was used to compare the 
data collected from the questions regarding sinuses and ears between the groups, a 
statistical significance was found in group 1 and group 2 as their the p-values was less than 
0.05. This indicates that there was a change in symptoms regarding sinuses and ears over 
time in Group 1 and Group 2.  
Wilcoxon Signed Rank test 
Wilcoxon Signed Rank test was used to determine when these changes occurred, as these 
changes occurred in two of the three groups.  A statistical significance was noted if there 
was a p-value less than or equal to 0.05 (≤ 0.05). The Bonferroni adjustment was also 
applied to prevent the data from appearing incorrectly, so the new p-value becomes less 









Table 4.24 Wilcoxon Signed Rank test representing the data collected from the questions 
regarding Sinuses and Ears at Week 1 (reading 1), Week 2 (reading 2) and Week 3 (reading 
3) for all 3 groups. 
Readings p-value 
 Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 0.027 0.080 0.366 
Reading 2 – Reading 3 0.439 0.074 0.026 
Reading 1 – Reading 3 0.167 0.026 0.080 
 
The table above shows that the p-values for all groups at all readings were > 0.02 and 
therefore none of the results were statistically significant.  
4.4.7 Category 6: Questions regarding Headaches 
This category consisted of the following questions: 
13. I have headaches which start after seeing flashes of light or dark spots 
18. I have headaches which are made worse by bright light 
59. I have a steady pain across my forehead 
81. I have headaches which make me feel sick to my stomach 




Figure 4.6 A Box and Whisker Diagram representing the data collected from the questions 
regarding Headaches at Week 1 (reading 1), Week 2 (reading 2) and Week 3 (reading 3) for 
all 3 groups.  
Descriptive statistics 
In this category a clinical decline in values represents a decline in undesirable 
symptoms, which reflects a positive outcome.  
In Group 1 (Manipulation only) it can be seen from Figure 4.6 above that reading 1 had a 
mean value of 1.20 (SD ± 1.34), reading 2 had a mean value of 0.88 (SD ± 1.31) and reading 
3 had a mean value of 0.72 (SD ± 1.18). This means there was a 36.36% clinical decline 
from reading 1 to reading 2, a 22.22% clinical decline from reading 2 to reading 3 and a 
66.67% clinical decline from reading 1 to reading 3.  
In Group 2 (TENS only) it can be seen from Figure 4.6 above that reading 1 had a mean 
value of 0.98 (SD ± 0.89), reading 2 had a mean value of 0.74 (SD ± 0.73) and reading 3 
had a mean value of 0.76 (SD ± 0.54). This means there was a 32.43% clinical decline from 
reading 1 to reading 2, a 2.06% clinical increase from reading 2 to reading 3 and a 29.70% 





















In Group 3 (Manipulation and TENS) it can be seen from Figure 4.6 above that reading 1 
had a mean value of 1.42 (SD ± 0.95), reading 2 had a mean value of 1.20 (SD ± 0.89) and 
reading 3 had a mean value of 0.65 (SD ± 0.37). This means there was an 18.33% clinical 
decline from reading 1 to reading 2, an 84.62% clinical decline from reading 2 to reading 3 
and a 118.46% clinical decline from reading 1 to reading 3.  
Table 4.25 Comparison between average improvement between groups for questions 
regarding Headaches  
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 36.36% 32.43% 18.33% 
Reading 2 – Reading 3 22.22% -2.06% 84.62% 
Reading 1 – Reading 3 66.67% 29.70% 118.46% 
 
The table above illustrates that Group 3 had the highest rate of decline in symptoms from 
reading 1 to reading 3 for questions regarding Headaches with 118.46%.  
Friedman test 
Friedman test was the non-parametric test used to determine if there was a change in each 
group over time. A statistical significance was noted if there was a p-value less than or equal 
to 0.05 (≤ 0.05).  
Group 1 showed a p-value of 0.273, Group 2 a p-value of 0.380 and Group 3 a p-value of 
0.140. Since all of these p-values were more than 0.05 (>0.05) it indicated that no statistically 
significant changes took place over time and there was thus no need to perform the Wilcoxon 
Signed Rank test. 
4.4.8 Category 7: Questions regarding General Health and Chronic Conditions 
This category consisted of the following questions: 
15. I have health problems which haven’t responded to treatment 
32. During my life, I’ve had many different painful disorders 
41. One painful problem is followed by another 
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60. I have many changing pains 
64. I have health problems which seem to be getting worse 
70. I sleep well 
74. The only real problems in my life are problems with my physical health 
75. I’ve had conflicting doctors’ opinions about health problems 
86. I believe I have an incurable problem in spite of medical reassurance 
89. I have many health problems 
97. I consider myself to be a sickly person 
 
Figure 4.7 A Box and Whisker Diagram representing the data collected from the questions 
regarding General Health and Chronic Conditions at Week 1 (reading 1), Week 2 (reading 
2) and Week 3 (reading 3) for all 3 groups.  
Descriptive statistics 
In this category a clinical decline in values represents a decline in undesirable 
symptoms, which reflects a positive outcome.  
In Group 1 (Manipulation only) it can be seen from Figure 4.7 above that reading 1 had a 





















3 had a mean value of 0.45 (SD ± 0.40). This means there was a 40.42% clinical decline 
from reading 1 to reading 2, a 5.98% clinical increase from reading 2 to reading 3 and a 
32.01% clinical decline from reading 1 to reading 3.  
In Group 2 (TENS only) it can be seen from Figure 4.7 above that reading 1 had a mean 
value of 0.49 (SD ± 0.25), reading 2 had a mean value of 0.33 (SD ± 0.21) and reading 3 
had a mean value of 0.28 (SD ± 0.20). This means there was a 49.98% clinical decline from 
reading 1 to reading 2, a 15.74% clinical decline from reading 2 to reading 3 and a 73.59% 
clinical decline from reading 1 to reading 3.  
In Group 3 (Manipulation and TENS) it can be seen from Figure 4.7 above that reading 1 
had a mean value of 0.38 (SD ± 0.28), reading 2 had a mean value of 0.39 (SD ± 0.23) and 
reading 3 had a mean value of 0.20 (SD ± 0.16). This means there was a 3.07% clinical 
increase from reading 1 to reading 2, a 92.62% clinical decline from reading 2 to reading 3 
and an 86.70% clinical decline from reading 1 to reading 3.  
Table 4.26 Comparison between average range of decline between groups for questions 
regarding General Health and Chronic Conditions  
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 40.42% 49.98% -3.07% 
Reading 2 – Reading 3 -5.98% 15.74% 92.62% 
Reading 1 – Reading 3 32.01% 73.59% 86.70% 
 
The table above illustrates that Group 3 had the highest rate of decline in symptoms from 
reading 1 to reading 3 for questions regarding General Health and Chronic Conditions with 
86.70%.  
Friedman test 
Friedman test was the non-parametric test used to determine if there was a change in each 
group over time. A statistical significance was noted if there was a p-value less than or equal 
to 0.05 (≤ 0.05).  
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Table 4.27 Friedman test representing the data collected from the questions regarding 
General Health and Chronic Conditions at Week 1 (reading 1), Week 2 (reading 2) and Week 
3 (reading 3) for all 3 groups.  
 Group 1 
(Manipulation only) 




p-value Mean rank p-value Mean 
rank 
p-value 
Reading 1 2.55 0.081 2.6789 0.001 2.19 0.021 
Reading 2 1.65 1.78 2.50 
Reading 3 1.80 1.33 1.31 
 
Group 1 had a mean value of 2.55 for reading 1, 1.65 for reading 2 and 1.80 for reading 3. 
There was a 41.67% decline between reading 1 and reading 3 for group 1. The p-value for 
group 1 was 0.081 which is > 0.05 and therefore indicates no statistical significance.  
Group 2 had a mean value of 2.89 for reading 1, 1.78 for reading 2 and 1.33 for reading 3. 
There was a 117.29% decline between reading 1 and reading 3 for group 2. The p-value for 
group 2 was 0.001 which is ≤ 0.05 and therefore indicates statistical significance.  
Group 3 had a mean value of 2.19 for reading 1, 2.50 for reading 2 and 1.31 for reading 3. 
There was a 67.18% decline between reading 1 and reading 3 for group 3. The p-value for 
group 3 was 0.021 which is ≤ 0.05 and therefore indicates statistical significance.  
The results in the tables above shows that when the Friedman test was used to compare the 
data collected from the questions regarding general health and chronic conditions between 
the groups, a statistical significance was found in group 2 and group 3 as their the p-values 
was less than 0.05. This indicates that there was a change in symptoms regarding general 
health and chronic conditions over time in Group 2 and Group 3.  
Wilcoxon Signed Rank test 
Wilcoxon Signed Rank test was used to determine when these changes occurred, as these 
changes occurred in two of the three groups.  A statistical significance was noted if there 
was a p-value less than or equal to 0.05 (≤ 0.05). The Bonferroni adjustment was also 
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applied to prevent the data from appearing incorrectly, so the new p-value becomes less 
than or equal to 0.02 (≤ 0.02) to be statistically significant. 
Table 4.28 Wilcoxon Signed Rank test representing the data collected from the questions 
regarding General Health and Chronic Conditions at Week 1 (reading 1), Week 2 (reading 
2) and Week 3 (reading 3) for all 3 groups. 
Readings p-value 
 Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 0.014 0.011 0.098 
Reading 2 – Reading 3 0.888 0.202 0.011 
Reading 1 – Reading 3 0.098 0.017 0.071 
 
The table above shows that the only statistically significant results were for Group 1 between 
reading 1 and reading 2 with a p-value of 0.014, for Group 2 between reading 1 and reading 
2 with a p-value of 0.011, and between reading 1 and reading 3 with a p-value of 0.017, and 
finally for Group 3 between reading 2 and reading 3 with a p-value of 0.011.  
4.4.9 Category 8: Questions regarding Swallowing and Chewing 
This category consisted of the following questions: 
17. My jaw tires easily when chewing 
47. I can chew without bumping my teeth unexpectedly 
63. I can chew food as well as I used to 




Figure 4.8 A Box and Whisker Diagram representing the data collected from the questions 
regarding Swallowing and Chewing at Week 1 (reading 1), Week 2 (reading 2) and Week 3 
(reading 3) for all 3 groups.  
Descriptive statistics 
In this category a clinical decline in values represents a decline in undesirable 
symptoms, which reflects a positive outcome.  
In Group 1 (Manipulation only) it can be seen from Figure 4.8 above that reading 1 had a 
mean value of 1.28 (SD ± 0.98), reading 2 had a mean value of 1.08 (SD ± 0.51) and reading 
3 had a mean value of 1.13 (SD ± 0.43). This means there was an 18.60% clinical decline 
from reading 1 to reading 2, a 4.44% clinical increase from reading 2 to reading 3 and a 
13.33% clinical decline from reading 1 to reading 3.  
In Group 2 (TENS only) it can be seen from Figure 4.8 above that reading 1 had a mean 
value of 1.53 (SD ± 0.48), reading 2 had a mean value of 1.48 (SD ± 0.53) and reading 3 
had a mean value of 1.33 (SD ± 0.52). This means there was a 3.39% clinical decline from 
reading 1 to reading 2, a 10.63% clinical decline from reading 2 to reading 3 and a 14.38% 





















In Group 3 (Manipulation and TENS) it can be seen from Figure 4.8 above that reading 1 
had a mean value of 1.85 (SD ± 0.49), reading 2 had a mean value of 1.64 (SD ± 0.57) and 
reading 3 had a mean value of 1.34 (SD ± 0.44). This means there was a 12.88% clinical 
decline from reading 1 to reading 2, a 21.96% clinical decline from reading 2 to reading 3 
and a 37.67% clinical decline from reading 1 to reading 3.  
Table 4.29 Comparison between average range of decline between groups for questions 
regarding Swallowing and Chewing  
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 18.60% 3.39% 12.88% 
Reading 2 – Reading 3 -4.44% 10.63% 21.96% 
Reading 1 – Reading 3 13.33% 14.38% 37.67% 
 
The table above illustrates that Group 3 had the highest rate of decline in symptoms from 
reading 1 to reading 3 for questions regarding Swallowing and Chewing with 37.67%.  
Friedman test 
Friedman test was the non-parametric test used to determine if there was a change in each 
group over time. A statistical significance was noted if there was a p-value less than or equal 
to 0.05 (≤ 0.05).  
Group 1 showed a p-value of 0.798, Group 2 a p-value of 0.786 and Group 3 a p-value of 
0.095. Since all of these p-values were more than 0.05 (>0.05) it indicated that no statistically 
significant changes took place over time and there was thus no need to perform the Wilcoxon 
Signed Rank test. 
4.4.10 Category 9: Questions regarding Clenching and Grinding 
This category consisted of the following questions: 
25. I clench my teeth 
43. I grind my teeth during the day 




Figure 4.9 A Box and Whisker Diagram representing the data collected from the questions 
regarding Clenching and Grinding at Week 1 (reading 1), Week 2 (reading 2) and Week 3 
(reading 3) for all 3 groups.  
Descriptive statistics 
In this category a clinical decline in values represents a decline in undesirable 
symptoms, which reflects a positive outcome.  
In Group 1 (Manipulation only) it can be seen from Figure 4.9 above that reading 1 had a 
mean value of 1.70 (SD ± 1.28), reading 2 had a mean value of 1.47 (SD ± 1.32) and reading 
3 had a mean value of 0.93 (SD ± 0.98). This means there was a 15.91% clinical decline 
from reading 1 to reading 2, a 57.15% clinical decline from reading 2 to reading 3 and an 
82.15% clinical decline from reading 1 to reading 3.  
In Group 2 (TENS only) it can be seen from Figure 4.9 above that reading 1 had a mean 
value of 2.40 (SD ± 0.94), reading 2 had a mean value of 1.97 (SD ± 1.09) and reading 3 
had a mean value of 1.41 (SD ± 0.91). This means there was a 22.03% clinical decline from 
reading 1 to reading 2, a 39.74% clinical decline from reading 2 to reading 3 and a 70.53% 





















In Group 3 (Manipulation and TENS) it can be seen from Figure 4.9 above that reading 1 
had a mean value of 2.40 (SD ± 0.94), reading 2 had a mean value of 1.93 (SD ± 0.81) and 
reading 3 had a mean value of 1.67 (SD ± 1.04). This means there was a 24.62% clinical 
decline from reading 1 to reading 2, a 15.55% clinical decline from reading 2 to reading 3 
and a 44% clinical decline from reading 1 to reading 3.  
Table 4.30 Comparison between average range of decline between groups for questions 
regarding Clenching and Grinding  
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 15.91% 22.03% 24.62% 
Reading 2 – Reading 3 57.15% 39.74% 15.55% 
Reading 1 – Reading 3 82.15% 70.53% 44.% 
 
The table above illustrates that Group 1 had the highest rate of decline in symptoms from 
reading 1 to reading 3 for questions regarding Clenching and Grinding with 82.15%.  
Friedman test 
Friedman test was the non-parametric test used to determine if there was a change in each 
group over time. A statistical significance was noted if there was a p-value less than or equal 
to 0.05 (≤ 0.05).  
Table 4.31 Friedman test representing the data collected from the questions regarding 
Clenching and Grinding at Week 1 (reading 1), Week 2 (reading 2) and Week 3 (reading 3) 
for all 3 groups.  
 Group 1 
(Manipulation only) 









Reading 1 2.50 0.008 2.67 0.018 2.50 0.093 
Reading 2 2.15 1.89 2.00 
Reading 3 1.35 1.44 1.50 
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Group 1 had a mean value of 2.50 for reading 1, 2.15 for reading 2 and 1.35 for reading 3. 
There was an 85.19% decline between reading 1 and reading 3 for group 1. The p-value for 
group 1 was 0.008 which is ≤ 0.05 and therefore indicates statistical significance.  
Group 2 had a mean value of 2.67 for reading 1, 1.89 for reading 2 and 1.44 for reading 3. 
There was an 85.42% decline between reading 1 and reading 3 for group 2. The p-value for 
group 2 was 0.018 which is ≤ 0.05 and therefore indicates statistical significance.  
Group 3 had a mean value of 2.50 for reading 1, 2.00 for reading 2 and 1.50 for reading 3. 
There was a 66.67% decline between reading 1 and reading 3 for group 3. The p-value for 
group 3 was 0.093 which is > 0.05 and therefore indicates no statistical significance.  
The results in the tables above shows that when the Friedman test was used to compare the 
data collected from the questions regarding clenching and grinding between the groups, a 
statistical significance was found in group 1 and group 2 as their the p-values was less than 
0.05. This indicates that there was a change in symptoms regarding clenching and grinding 
over time in Group 1 and Group 2.  
Wilcoxon Signed Rank test 
Wilcoxon Signed Rank test was used to determine when these changes occurred, as these 
changes occurred in two of the three groups.  A statistical significance was noted if there 
was a p-value less than or equal to 0.05 (≤ 0.05). The Bonferroni adjustment was also 
applied to prevent the data from appearing incorrectly, so the new p-value becomes less 









Table 4.32 Wilcoxon Signed Rank test representing the data collected from the questions 
regarding Clenching and Grinding at Week 1 (reading 1), Week 2 (reading 2) and Week 3 
(reading 3) for all 3 groups. 
Readings p-value 
 Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 0.202 0.027 0.067 
Reading 2 – Reading 3 0.016 0.122 0.102 
Reading 1 – Reading 3 0.024 0.019 0.051 
 
The table above shows that the only statistically significant results were for Group 1 between 
reading 2 and reading 3 with a p-value of 0.016, and for Group 2 between reading 1 and 
reading 3 with a p-value of 0.019.  
4.4.11 Category 10: Questions regarding Bite 
This category consisted of the following questions: 
26. My bite feels comfortable 
28. It is difficult to find a comfortable position for my jaw 
31. When I bite down normally, my front teeth touch 
37. I think my bite is off 
53. When I bite down normally, my back teeth touch 
54. The way my front teeth fit seems to be changing 
69. The way my back teeth fit seems to be changing 




Figure 4.10 A Box and Whisker Diagram representing the data collected from the questions 
regarding Bite at Week 1 (reading 1), Week 2 (reading 2) and Week 3 (reading 3) for all 3 
groups.  
Descriptive statistics 
In Group 1 (Manipulation only) it can be seen from Figure 4.10 above that reading 1 had a 
mean value of 1.03 (SD ± 0.60), reading 2 had a mean value of 0.83 (SD ± 0.55) and reading 
3 had a mean value of 0.53 (SD ± 0.67). This means there was a 3.88% clinical improvement 
from reading 1 to reading 2, a 2.11% clinical improvement from reading 2 to reading 3 and 
a 5.91% clinical improvement from reading 1 to reading 3.  
In Group 2 (TENS only) it can be seen from Figure 4.10 above that reading 1 had a mean 
value of 2.55 (SD ± 0.38), reading 2 had a mean value of 2.54 (SD ± 0.34) and reading 3 
had a mean value of 2.68 (SD ± 0.36). This means there was a -0.49% clinical improvement 
from reading 1 to reading 2, a 5.34% clinical improvement from reading 2 to reading 3 and 
a 4.87% clinical improvement from reading 1 to reading 3.  
In Group 3 (Manipulation and TENS) it can be seen from Figure 4.10 above that reading 1 
had a mean value of 2.81 (SD ± 0.72), reading 2 had a mean value of 2.89 (SD ± 0.79) and 





















improvement from reading 1 to reading 2, a 9.81% clinical improvement from reading 2 to 
reading 3 and a 12.19% clinical improvement from reading 1 to reading 3.  
Table 4.33 Comparison between average improvement between groups for questions 
regarding Bite  
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 3.88% -0.49% 2.64% 
Reading 2 – Reading 3 2.11% 5.34% 9.81% 
Reading 1 – Reading 3 5.91% 4.87% 12.19% 
 
The table above illustrates that Group 3 had the highest improvement from reading 1 to 
reading 3 for questions regarding Bite with 12.19%.  
Friedman test 
Friedman test was the non-parametric test used to determine if there was a change in each 
group over time. A statistical significance was noted if there was a p-value less than or equal 
to 0.05 (≤ 0.05).  
Group 1 showed a p-value of 0.529, Group 2 a p-value of 0.380 and Group 3 a p-value of 
0.099. Since all of these p-values were more than 0.05 (>0.05) it indicated that no statistically 
significant changes took place over time and there was thus no need to perform the Wilcoxon 
Signed Rank test. 
4.4.12 Category 11: Questions regarding Other painful joints 
This category consisted of the following questions: 
20. I have muscle or joint pain in areas other than my head or neck 
84. I have pain and stiffness in my finger joints 




Figure 4.11 A Box and Whisker Diagram representing the data collected from the questions 
regarding Other Painful Joints at Week 1 (reading 1), Week 2 (reading 2) and Week 3 
(reading 3) for all 3 groups.  
Descriptive statistics 
In this category a clinical decline in values represents a decline in undesirable 
symptoms, which reflects a positive outcome.  
In Group 1 (Manipulation only) it can be seen from Figure 4.11 above that reading 1 had a 
mean value of 1.03 (SD ± 0.60), reading 2 had a mean value of 0.83 (SD ± 0.55) and reading 
3 had a mean value of 0.53 (SD ± 0.67). This means there was a 24% clinical decline from 
reading 1 to reading 2, a 56.25% clinical decline from reading 2 to reading 3 and a 93.76% 
clinical decline from reading 1 to reading 3.  
In Group 2 (TENS only) it can be seen from Figure 4.11 above that reading 1 had a mean 
value of 0.97 (SD ± 0.78), reading 2 had a mean value of 0.77 (SD ± 0.59) and reading 3 
had a mean value of 0.81 (SD ± 0.73). This means there was a 26.09% clinical decline from 
reading 1 to reading 2, a 5.90% clinical increase from reading 2 to reading 3 and an 18.64% 





















In Group 3 (Manipulation and TENS) it can be seen from Figure 4.11 above that reading 1 
had a mean value of 0.90 (SD ± 0.65), reading 2 had a mean value of 0.59 (SD ± 0.46) and 
reading 3 had a mean value of 0.37 (SD ± 0.38). This means there was a 51.87% clinical 
decline from reading 1 to reading 2, a 58.03% clinical decline from reading 2 to reading 3 
and a 140% clinical decline from reading 1 to reading 3.  
Table 4.34 Comparison between average range of decline between groups for questions 
regarding Other Painful Joints  
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 24% 26.09% 51.87% 
Reading 2 – Reading 3 56.25% -5.90% 58.03% 
Reading 1 – Reading 3 93.76% 18.64% 140% 
 
The table above illustrates that Group 3 had the highest rate of decline in symptoms from 
reading 1 to reading 3 for questions regarding Other Painful Joints with 140%.  
Friedman test 
Friedman test was the non-parametric test used to determine if there was a change in each 
group over time. A statistical significance was noted if there was a p-value less than or equal 
to 0.05 (≤ 0.05).  
Table 4.35 Friedman test representing the data collected from the questions regarding Other 
Painful Joints at Week 1 (reading 1), Week 2 (reading 2) and Week 3 (reading 3) for all 3 
groups.  
 Group 1 
(Manipulation only) 









Reading 1 2.60 0.007 2.39 0.303 2.44 0.119 
Reading 2 2.00 1.78 2.00 
Reading 3 1.40 1.83 1.56 
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Group 1 had a mean value of 2.60 for reading 1, 2.00 for reading 2 and 1.40 for reading 3. 
There was an 85.71% decline between reading 1 and reading 3 for group 1. The p-value for 
group 1 was 0.007 which is ≤ 0.05 and therefore indicates statistical significance.  
Group 2 had a mean value of 2.39 for reading 1, 1.78 for reading 2 and 1.83 for reading 3. 
There was a 30.60% decline between reading 1 and reading 3 for group 2. The p-value for 
group 2 was 0.303 which is > 0.05 and therefore indicates no statistical significance.  
Group 3 had a mean value of 2.44 for reading 1, 2.00 for reading 2 and 1.56 for reading 3. 
There was a 36.07% decline between reading 1 and reading 3 for group 3. The p-value for 
group 3 was 0.119 which is > 0.05 and therefore indicates no statistical significance.  
The results in the tables above shows that when the Friedman test was used to compare the 
data collected from the questions regarding other painful joints between the groups, a 
statistical significance was found only in group 1 as it’s the p-value was less than 0.05. This 
indicates that there was a change in symptoms regarding other painful joints over time in 
Group 1.  
Wilcoxon Signed Rank test 
Wilcoxon Signed Rank test was used to determine when these changes occurred, as these 
changes occurred in two of the three groups.  A statistical significance was noted if there 
was a p-value less than or equal to 0.05 (≤ 0.05). The Bonferroni adjustment was also 
applied to prevent the data from appearing incorrectly, so the new p-value becomes less 









Table 4.36 Wilcoxon Signed Rank test representing the data collected from the questions 
regarding Other Painful Joints at Week 1 (reading 1), Week 2 (reading 2) and Week 3 
(reading 3) for all 3 groups. 
Readings p-value 
 Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 0.058 0.196 0.168 
Reading 2 – Reading 3 0.037 0.863 0.131 
Reading 1 – Reading 3 0.017 0.319 0.057 
 
The table above shows that the only statistically significant results were for Group 1 between 
reading 1 and reading 3 with a p-value of 0.017.  
4.4.13 Category 12: Questions regarding Emotions and Anxiety 
This category consisted of the following questions: 
22. I feel tense and worried 
24. I feel sad and depressed 
61. I feel angry 
67. I feel anxious 
78. I feel frustrated 




Figure 4.12 A Box and Whisker Diagram representing the data collected from the questions 
regarding Emotions and Anxiety at Week 1 (reading 1), Week 2 (reading 2) and Week 3 
(reading 3) for all 3 groups.  
Descriptive statistics 
In this category a clinical decline in values represents a decline in undesirable 
symptoms, which reflects a positive outcome.  
In Group 1 (Manipulation only) it can be seen from Figure 4.12 above that reading 1 had a 
mean value of 1.33 (SD ± 0.83), reading 2 had a mean value of 1.23 (SD ± 0.88) and reading 
3 had a mean value of 1.08 (SD ± 0.93). This means there was an 8.11% clinical decline 
from reading 1 to reading 2, a 13.85% clinical decline from reading 2 to reading 3 and a 
23.08% clinical decline from reading 1 to reading 3.  
In Group 2 (TENS only) it can be seen from Figure 4.12 above that reading 1 had a mean 
value of 1.23 (SD ± 0.53), reading 2 had a mean value of 1.10 (SD ± 0.64) and reading 3 
had a mean value of 0.96 (SD ± 0.56). This means there was a 12.12% clinical decline from 
reading 1 to reading 2, a 14.23% clinical decline from reading 2 to reading 3 and a 28.07% 





















In Group 3 (Manipulation and TENS) it can be seen from Figure 4.12 above that reading 1 
had a mean value of 1.13 (SD ± 0.71), reading 2 had a mean value of 1.00 (SD ± 0.79) and 
reading 3 had a mean value of 0.96 (SD ± 0.82). This means there was a 13.33% clinical 
decline from reading 1 to reading 2, a 4.35% clinical decline from reading 2 to reading 3 and 
an 18.26% clinical decline from reading 1 to reading 3.  
Table 4.37 Comparison between average range of decline between groups for questions 
regarding Emotions and Anxiety  
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 8.11% 12.12% 13.33% 
Reading 2 – Reading 3 13.85% 14.23% 4.35% 
Reading 1 – Reading 3 23.08% 28.07% 18.26% 
 
The table above illustrates that Group 2 had the highest rate of decline in symptoms from 
reading 1 to reading 3 for questions regarding Emotions and Anxiety with 28.07%.  
Friedman test 
Friedman test was the non-parametric test used to determine if there was a change in each 
group over time. A statistical significance was noted if there was a p-value less than or equal 
to 0.05 (≤ 0.05).  
Group 1 showed a p-value of 0.202, Group 2 a p-value of 0.347 and Group 3 a p-value of 
0.069. Since all of these p-values were more than 0.05 (>0.05) it indicated that no statistically 
significant changes took place over time and there was thus no need to perform the Wilcoxon 
Signed Rank test. 
4.4.14 Category 13: Questions regarding Stress 
This category consisted of the following questions: 
38. I have pain which gets worse with stress or tension 
51. Over the years, I’ve been under a lot of stress 
80. Recently I’ve been under a lot of stress 




Figure 4.13 A Box and Whisker Diagram representing the data collected from the questions 
regarding Stress at Week 1 (reading 1), Week 2 (reading 2) and Week 3 (reading 3) for all 3 
groups.  
Descriptive statistics 
In this category a clinical decline in values represents a decline in undesirable 
symptoms, which reflects a positive outcome.  
In Group 1 (Manipulation only) it can be seen from Figure 4.13 above that reading 1 had a 
mean value of 2.33 (SD ± 0.65), reading 2 had a mean value of 2.03 (SD ± 1.04) and reading 
3 had a mean value of 2.03 (SD ± 0.91). This means there was a 14.81% clinical decline 
from reading 1 to reading 2, a 0% clinical decline from reading 2 to reading 3 and a 14.81% 
clinical decline from reading 1 to reading 3.  
In Group 2 (TENS only) it can be seen from Figure 4.13 above that reading 1 had a mean 
value of 2.43 (SD ± 0.60), reading 2 had a mean value of 2.15 (SD ± 0.90) and reading 3 
had a mean value of 2.11 (SD ± 0.66). This means there was a 12.79% clinical decline from 
reading 1 to reading 2, a 1.84% clinical decline from reading 2 to reading 3 and a 14.87% 





















In Group 3 (Manipulation and TENS) it can be seen from Figure 4.13 above that reading 1 
had a mean value of 2.63 (SD ± 0.87), reading 2 had a mean value of 2.39 (SD ± 0.86) and 
reading 3 had a mean value of 2.03 (SD ± 0.99). This means there was a 9.88% clinical 
decline from reading 1 to reading 2, a 17.60% clinical decline from reading 2 to reading 3 
and a 29.23% clinical decline from reading 1 to reading 3.  
Table 4.38 Comparison between average range of decline between groups for questions 
regarding Stress  
Reading Group 1 
(Manipulation 
only) 





Reading 1 – Reading 2 14.81% 12.79% 9.88% 
Reading 2 – Reading 3 0% 1.84% 17.60% 
Reading 1 – Reading 3 14.81% 14.87% 29.23% 
 
The table above illustrates that Group 3 had the highest rate of decline in symptoms from 
reading 1 to reading 3 for questions regarding Stress with 29.23%.  
Friedman test 
Friedman test was the non-parametric test used to determine if there was a change in each 
group over time. A statistical significance was noted if there was a p-value less than or equal 
to 0.05 (≤ 0.05).  
Group 1 showed a p-value of 0.132, Group 2 a p-value of 0.417 and Group 3 a p-value of 
0.061. Since all of these p-values were more than 0.05 (>0.05) it indicated that no statistically 
significant changes took place over time and there was thus no need to perform the Wilcoxon 








Table 4.39 Comparison of percentage of average improvement from Reading 1 – Reading 










1. Jaw Opening 
and Jaw 
Movements 
8.77% 5.51% 13.92% 
2. Pain 16.37% 21.21% 21.13% 
3. Nerve 
Symptoms 
3.41% 3.18% 1.25% 
4. Joint Noises 
and Clicking 
5.51% 19.15% 38.04% 
5. Sinuses and 
Ears 
32.73% 53.82% 124.01% 





32.01% 73.59% 86.70% 
8. Swallowing 
and Chewing 
13.33% 14.38% 37.67% 
9. Clenching 
and Grinding 
82.15% 70.53% 44% 
10. Bite 5.91% 4.87% 12.19% 
11. Other Painful 
Joints 
93.76% 18.64% 140% 
12. Emotions and 
Anxiety 
23.08% 28.07% 18.26% 




As can be seen from the table above Group 3 (Manipulation and TENS) showed the most 
clinical improvement in the different categories of the TMJ Scale, having the highest 




CHAPTER 5 - DISCUSSION 
5.1 Introduction 
 
The aim of this chapter is to discuss the results gathered from statistical evaluation from the 
Pain Pressure Algometer and the TMJ Scale, which was presented in the previous chapter. 
The possible explanations for these results and relevant findings will be discussed in this 
chapter. 
 
5.2 Demographical Data 
 
This trial consisted of 27 participants of mixed gender between the ages of 18 and 34 years. 
The mean age was 23.56 years. 66.67% were females and 33.33% were males.  
There is a broad prevalence peak of TMD symptoms between the ages of 20 and 40 years 
of age. Literature has showed that females are more likely to seek treatment for TMDs (as 
well as any other painful musculoskeletal disorders) and could account for the gender 
distribution seen in this study (Manfredini, et al., 2013, Karibe, Goddard, Shimazu, Kato, 
Warita-Naoi & Kawakami,  2014).The reason for the high prevalence in young adults is still 
inconclusive, however it is believed to be due to parafunction, high levels of emotional stress 
and anxiety, and hormonal influences associated with this age group (Lazarin, Previdelli, 
Silva, Iwaki, Grossman & Filho, 2016; Lui & Steinkeler, 2013; Paulino, Moreira, Lemos, da 
Silva, Bonan & Batista, 2018). 
It can be concluded that the population represented in the demographical data is fair in 
relation to the population usually affected by TMDs.  
 
5.3 Objective Data Findings: Pain Pressure Algometer 
5.3.1 Muscles of mastication on the Left side 
 
Table 4.2 shows the improvements of the mean values of the pain pressure algometer 
readings for all groups during the trials for trigger points on the Left side. Group 1 showed 
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an improvement of the mean values between reading 1 to reading 3 with an improvement of 
3.76%, Group 2 showed an improvement of the mean values between reading 1 to reading 
3 with an improvement of 19.52%, and Group 3 showed an improvement of the mean values 
between reading 1 to reading 3 with an improvement of 20.55%.  
Table 4.3 compares the average pain improvement of each group, indicating that the 
treatment for Group 3 (20.55%) and Group 2 (19.52%) may have had a greater effect on the 
pain pressure threshold of the muscles of mastication on the Left side than Group 1. 
There was a statistically significant improvement (p≤0.05) in the algometer readings on the 
left side as indicated by the Repeated Measures Anova test that was performed on the data 
set. Change in the algometer readings over time was determined by using the Friedman 
Test. A statistically significant change (p≤0.05) was found as indicated in Table 4.6.  Group 
1 had a statistical improvement of 17.95%, Group 2 had a statistical improvement of 24.77% 
and Group 3 had a statistical improvement of 47.48%. This indicates that there was a change 
in pain pressure threshold over time on the Left side.  
The Wilcoxon Signed Rank test was used to determine at which reading these changes 
occurred in all three groups. Table 4.8 shows that between reading 1 and reading 3, Group 
3 had a p-value of 0.012. This result indicates a statistically significant difference for Group 
3, which shows that Group 3 proved to be competent in decreasing pain by increasing the 
pain pressure threshold on the left side.  
 
5.3.2 Muscles of Mastication on the Right side 
 
Table 4.4 shows the improvements of the mean values of the pain pressure algometer 
readings for all groups during the trials for trigger points on the Right side. Group 1 showed 
an improvement of the mean values between reading 1 to reading 3 with an improvement of 
10.01%, Group 2 showed an improvement of the mean values between reading 1 to reading 
3 with an improvement of 26.79%, and Group 3 showed an improvement of the mean values 
between reading 1 to reading 3 with an improvement of 26.03%.  
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Table 4.5 compares the average pain improvement of each group, indicating that the 
treatment for Group 2 (26.79%) and Group 3 (26.03%) may have had a greater effect on the 
pain pressure threshold of the muscles of mastication on the Right side than Group 1. 
There was a statistically significant improvement (p≤0.05) in the algometer readings on the 
right side as indicated by the Repeated Measures Anova test that was performed on the data 
set. Change in the algometer readings over time was determined by using the Friedman 
Test. A statistically significant change (p≤0.05) was found as indicated in Table 4.7.  Group 
1 had a statistical improvement of 27.08%, Group 2 had a statistical improvement of 46.07% 
and Group 3 had a statistical improvement of 45.45%. This indicates that there was a change 
in pain pressure threshold over time on the right side.  
The Wilcoxon Signed Rank test was used to determine at which reading these changes 
occurred in all three groups. Table 4.9 shows that between reading 1 and reading 3, Group 
2 had a p-value of 0.011, and Group 3 had a p-value of 0.017. This result indicates a 
statistically significant difference for Group 2 and Group 3, which shows that both Group 2 
and Group 3 proved to be competent in decreasing pain by increasing the pain pressure 
threshold on the right side. 
5.3.3 Discussion on the Objective Findings: Pain Pressure Algometer 
 
This section will be discussed together with the Pain and Other Painful Joints categories 
from the TMJ Scale.  
5.4 Subjective Data Findings: The TMJ Scale 
5.4.1 Category 1: Questions regarding Jaw Opening and Jaw Movements 
 
As can be seen from Figure 4.1, the score for the group of questions regarding jaw opening 
and jaw movements improved from reading 1 to reading 3 in all three groups.  
Table 4.14 shows that Group 3 had the highest clinical improvement from reading 1 to 
reading 3 for symptoms associated with jaw opening and jaw movements with 13.92%.  
The Friedman test was used to determine if there was a change in jaw opening and jaw 
movements over time. The test indicated no statistically significant changes 0.05 (>0.05).  
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5.4.2 Category 2: Questions regarding Pain 
 
As can be seen from Figure 4.2, the score for the group of questions regarding pain improved 
from reading 1 to reading 3 in all three groups.  
Table 4.15 shows that Group 2 and Group 3 had the highest clinical improvement from 
reading 1 to reading 3 for symptoms associated with pain with 21.21% and 21.13%.   
The Friedman test was used to determine if there was a change in pain over time. A 
statistically significant change was found as all of the p-values were less than 0.05 (p≤0.05).  
The Wilcoxon Signed Ranks test was used to determine whether there were statistically 
significant changes between individual readings. The Bonferroni adjustment (p≤0.02) was 
applied and there were statistically significant changes found for all three groups between 
reading 2 and reading 3, as well as between reading 1 and reading 3. 
 
5.4.3 Category 3: Questions regarding Nerve Symptoms 
 
As can be seen from Figure 4.3, the score for the group of questions regarding Nerve 
symptoms improved from reading 1 to reading 3 in all three groups, with the exception of a 
few outliers.  
Table 4.18 shows that Group 1 had the highest clinical improvement from reading 1 to 
reading 3 for symptoms associated with nerve symptoms with 3.41%.  
The Friedman test was used to determine if there was a change in nerve symptoms over 
time. The test indicated no statistically significant changes 0.05 (>0.05). 
5.4.4 Category 4: Questions regarding Joint Noises and Clicking 
 
As can be seen from Figure 4.4, the score for the group of questions regarding joint noises 
and clicking improved from reading 1 to reading 3 in all three groups.  
Table 4.19 shows that Group 3 had the highest clinical improvement from reading 1 to 
reading 3 for symptoms associated with joint noises and clicking with 38.04%.  
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The Friedman test was used to determine if there was a change in joint noises and clicking 
over time. A statistically significant change was found as all of the p-values were less than 
0.05 (p≤0.05).  
The Wilcoxon Signed Ranks test was used to determine whether there were statistically 
significant changes between individual readings. The Bonferroni adjustment (p≤0.02) was 
applied and there were statistically significant changes found for Group 2 between reading 
1 and reading 3 and for Group 3 between reading 2 and reading 3.  
 
5.4.5 Category 5: Questions regarding Sinuses and Ears 
 
As can be seen from Figure 4.5, the score for the group of questions regarding sinuses and 
ears decreased from reading 1 to reading 3 in all three groups.  
Table 4.22 shows that Group 3 had the highest clinical improvement from reading 1 to 
reading 3 for symptoms associated with sinuses and ears with 124.01%.  
The Friedman test was used to determine if there was a change in sinuses and ears over 
time. A statistically significant change was found as the p-values were less than 0.05 
(p≤0.05).  
The Wilcoxon Signed Ranks test was used to determine whether there were statistically 
significant changes between individual readings. The Bonferroni adjustment (p≤0.02) was 
applied and there were no statistically significant changes found.  
 
5.4.6 Category 6: Questions regarding Headaches 
 
As can be seen from Figure 4.6, the score for the group of questions regarding headaches 
decreased from reading 1 to reading 3 in all three groups.  
Table 4.25 shows that Group 3 had the highest clinical improvement from reading 1 to 
reading 3 for symptoms associated with headaches with 118.46%.  
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The Friedman test was used to determine if there was a change in headaches over time. 
The test indicated no statistically significant changes 0.05 (>0.05). 
 
5.4.7 Category 7: Questions regarding General Health and Chronic Conditions 
 
As can be seen from Figure 4.7, the score for the group of questions regarding general health 
and chronic conditions decreased from reading 1 to reading 3 in all three groups.  
Table 4.26 shows that Group 3 had the highest clinical improvement from reading 1 to 
reading 3 for symptoms associated with general health and chronic conditions with 86.70%.  
The Friedman test was used to determine if there was a change in general health and chronic 
conditions over time. A statistically significant change was found as the p-values were less 
than 0.05 (p≤0.05).  
The Wilcoxon Signed Ranks test was used to determine whether there were statistically 
significant changes between individual readings. The Bonferroni adjustment (p≤0.02) was 
applied and there were statistically significant changes found for Group 1 between reading 
1 and reading 2, for Group 2 between reading 1 and reading 2, and between reading 1 and 
reading 3, and finally for Group 3 between reading 2 and reading 3. 
 
5.4.8 Category 8: Questions regarding Swallowing and Chewing 
 
As can be seen from Figure 4.8, the score for the group of questions regarding swallowing 
and chewing decreased from reading 1 to reading 3 in all three groups.  
Table 4.29 shows that Group 3 had the highest clinical improvement from reading 1 to 
reading 3 for symptoms associated with swallowing and chewing with 37.67%.  
The Friedman test was used to determine if there was a change in swallowing and chewing 




5.4.9 Category 9: Questions regarding Clenching and Grinding 
 
As can be seen from Figure 4.9, the score for the group of questions regarding clenching 
and grinding decreased from reading 1 to reading 3 in all three groups.  
Table 4.30 shows that Group 1 had the highest clinical improvement from reading 1 to 
reading 3 for symptoms associated with clenching and grinding with 82.15%.  
The Friedman test was used to determine if there was a change in clenching and grinding 
over time. A statistically significant change was found as the p-values were less than 0.05 
(p≤0.05).  
The Wilcoxon Signed Ranks test was used to determine whether there were statistically 
significant changes between individual readings. The Bonferroni adjustment (p≤0.02) was 
applied and there were statistically significant changes found for Group 1 between reading 
2 and reading 3, and for Group 2 between reading 1 and reading 3.  
 
5.4.10 Category 10: Questions regarding Bite 
 
As can be seen from Figure 4.10, the score for the group of questions regarding bite 
improved from reading 1 to reading 3 in all three groups.  
Table 4.33 shows that Group 3 had the highest clinical improvement from reading 1 to 
reading 3 for symptoms associated with bite with 12.19%.  
The Friedman test was used to determine if there was a change in bite over time. The test 
indicated no statistically significant changes 0.05 (>0.05). 
 
5.4.11 Category 11: Questions regarding Other Painful Joints 
 
As can be seen from Figure 4.11, the score for the group of questions regarding other painful 
joints decreased from reading 1 to reading 3 in all three groups.  
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Table 4.34 shows that Group 3 had the highest clinical improvement from reading 1 to 
reading 3 for symptoms associated with other painful joints with 140%.  
The Friedman test was used to determine if there was a change in other painful joints over 
time. A statistically significant change was found as the p-values were less than 0.05 
(p≤0.05).  
The Wilcoxon Signed Ranks test was used to determine whether there were statistically 
significant changes between individual readings. The Bonferroni adjustment (p≤0.02) was 
applied and there were statistically significant changes found for Group 1 between reading 
1 and reading 3.  
 
5.4.12 Category 12: Questions regarding Emotions and Anxiety 
 
As can be seen from Figure 4.12, the score for the group of questions regarding Emotions 
and Anxiety decreased from reading 1 to reading 3 in all three groups.  
Table 4.37 shows that Group 2 had the highest clinical improvement from reading 1 to 
reading 3 for symptoms associated with emotions and anxiety with 28.07%.  
The Friedman test was used to determine if there was a change in emotions and anxiety 
over time. The test indicated no statistically significant changes 0.05 (>0.05). 
5.4.13 Category 13: Questions regarding Stress 
 
As can be seen from Figure 4.13, the score for the group of questions regarding stress 
decreased from reading 1 to reading 3 in all three groups.  
Table 4.38 shows that Group 3 had the highest clinical improvement from reading 1 to 
reading 3 for symptoms associated with stress with 29.23%.  
The Friedman test was used to determine if there was a change in stress over time. The test 




5.5 Discussion of the Subjective Findings: The TMJ Scale 
5.5.1 Discussion on the Pain Pressure Algometer, Category 2: Pain and Category 11: 
Other Painful Joints 
 
As can be seen from the objective findings above, the results from Group 3 (Manipulation 
and TENS) were superior and proved to be effective in increasing the pain pressure 
tolerance in the muscles of mastication on both the left and the right sides. From the 
subjective findings it can also be seen that Group 3 was effective in decreasing pain and 
reducing symptoms from other painful joints.  
Myofascial pain related to TMDs is generally known to originate from trigger points in the 
muscles of mastication. A trigger point is a hypersensitive taut muscular band or palpable 
nodule that results in pain and a decrease in range of motion. Myofascial pain is usually 
treated by inactivating the trigger points (Vier, de Almeida, Neves, dos Santos, & Bracht, 
2019). When there is increased tension in the taut bands associated with an active trigger 
points it places displacement stresses on the joints surrounding those muscles, which results 
in hypomobility in those joints. On the other hand, hypomobility in a joint, results in abnormal 
sensory input that can reflexively activate trigger points (Fernández-de-las-Peñas, 2009). 
Therefore, the most effective form of treatment will address both restricted joint segments 
and active trigger points as was found in this study.   
In recent years there have been increased evidence on the role of TENS in the management 
of myofascial pain and range of motion. According to Azarcam, et al. (2017) the gate-control 
theory is considered the most important mechanism of action for TENS. This theory 
constitutes that the stimulation of the a-beta (large diameter) primary sensory afferent nerves 
which will activate the inhibitor interneurons that are located in the substantia gelatinosa of 
the posterior horn of the spinal cord. The nociceptive signals transmitted through the A-delta 
and C-fibers (small diameter) are then attenuated. The pain relief demonstrated in this study 
could be due to the closing of the pain gate as a result of the stimulation of the 
mechanoreceptors or the blocking of the nociceptive pathway. Reducing the experience of 
pain as a result. Another mechanism is also the increased endogenous opioid release.  
Awan and Patil (2015) states that the motor nerves are directly stimulated by TENS which 
produces rhythmic contractions of the muscles of mastication. This leads to increased 
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oxygen and blood flow in the muscles and reduced interstitial oedema as well as less build-
up of toxins that are harmful. Reduced pain and fatigue of the muscles of mastication is the 
overall result.  
Alcantara, Plaugher, Klemp, and Salem (2002) found that chiropractic manipulation leads to 
the amelioration of TMJ dysfunction as based on the following. Proprioceptive receptors as 
well as sensory input from the ocular and vestibulocochlear systems play an important role 
in proper head posture. The tonic neck reflex (TNR) is a part of the proprioceptive system 
and produces neck contractions that maintain head posture when activated by means of the 
stimulation of the Golgi tendon organs. Abnormal sensory impulses to the central and 
peripheral neuromuscular mechanisms due to subluxations in the cervical spine, results in 
improper head posture which affects the position of the mandible. A pathologic TNR caused 
by abnormal impulses from joint restrictions will also affect the muscular activity in the 
muscles of mastication. The chiropractic manipulation restores normal ROM to the affected 
joints and thereby resolves the joint restrictions.  
This study found that the combination of Manipulation and TENS is effective in increasing 
pressure pain tolerance in the participants and thereby a reduction in pain experienced. 
Numerous other studies support these results.  
A study done by Escortell-Mayor, et al. (2011), on the effectiveness of manual therapy 
(manipulation) and TENS in the treatment of neck pain showed that both therapies proved 
to be effective in reducing pain due to restricted joint segments. The results found a clinically 
relevant reduction in pain and decrease in disability in both therapies equally. According to 
Charles, Hudgins, Macnaughton, Newman, Tan and Wigger (2019) manual therapy 
produces a significant decrease in pain pressure threshold especially when combined with 
other forms of therapy such as TENS. Another study was done by González-Iglesias, 
Cleland, Neto, Hall, and Fernández-de-las-Peñas (2013) on the management of TMD 
through TMJ mobilization, cervical and thoracic spine mobilization, and dry needling. In this 
trial they found that both subjective and objective measures showed significant clinical 
improvements in maximal mouth opening capability, pain intensity and disability in patients 
with TMDs.  A study done by Patil, et.al.  (2016) showed a significant reduction in orofacial 
pain following TENS therapy and 40% of the patients was completely pain-free following the 




5.5.2 Discussion on Category 1: Jaw Opening and Jaw Movements, Category 4: 
Joint Noises and Clicking, Category 8: Swallowing and Chewing, Category 9: 
Clenching and Grinding and Category 10: Bite 
 
It can be seen from the results above that Group 3 (Manipulation and TENS) was superior 
in all of the above mentioned categories except Category 9 (Clenching and Grinding) where 
Group 1 (Manipulation only) was superior. These categories are discussed together because 
they all relate to the movement and range of motion of the TMJ.  
Some of the most common symptoms of TMDs include, limited movements of the mandible, 
which can cause speaking and eating difficulties and noises associated with the movement 
of the TMJ during jaw movements. All of these symptoms have a great impact of the quality 
of life of a person and if left unattended can become chronic (Chisnoiu, et al., 2015).  
Numerous studies support the results from this study that manipulation and TENS is effective 
in restoring the normal ROM of the TMJ and thereby increasing jaw opening and allowing 
for smooth jaw movements.  
A study done by Rodriques, de Oliveira and Bérzin (2004) on the effects of TENS on the 
activation patterns of the masticatory muscles in patients with TMDs refers to the “pain 
adaption model”. This theory states that pain in the TMJ or masticatory muscles can 
influence the activation of antagonist or agonist muscles responsible for certain movements 
of the jaw. This will then in turn influence the response of the inhibitory and excitatory 
neurons of motor activity. The stimulation of the inhibitory neurons will activate the agonist 
muscles and the stimulation of the excitatory neurons will activate the antagonist muscles. 
So, during mouth opening the lateral pterygoid muscles and the suprahyhoid muscles will 
have reduced activation and the temporalis, masseter, and medial pterygoid muscles (jaw-
closing muscles) will be activated by working antagonistically to the movement, when they 
should be relaxed.  This study showed that in TMD patients, a single session of TENS was 
effective in decreasing the myoelectric activity of the jaw-closing muscles during the opening 
phase of the jaw, which resulted in decreased pain and lead to increased mouth opening 
capability and smoother movements of the jaw. 
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Armijo-Olivo et al (2016), did a systematic review and meta-analysis on the effectiveness of 
manual therapy for TMDs and found that it results in enhanced mouth opening, restoration 
of normal range of motion (ROM), decreased pain, stimulation of proprioception, a decrease 
in local ischaemia, stimulation of the production of synovial fluid and the breakdown of fibrous 
adhesions. Manual therapy in the form of manipulation is therefore effective in treating 
myogenous TMDs.  
A study done by Patil, et.al.  (2016) found that there was a 19.46% increase in mouth opening 
following TENS therapy, which was much higher than any other previous studies up until 
that stage. Another systematic review by Brantingham, et al. (2013) showed that improved 
range and/or quality of motion, improved function, increased oral opening and decreased 
clenching of the jaw was achieved as a result of chiropractic manipulative therapy especially 
in conjunction with multimodal therapies such as TENS. The cumulative effect of both 
treatments is especially helpful to those who would like to avoid surgery, long term use of 
NSAIDs or for those who have found exercises alone to be insufficient.  
From the information above it is clear that the use of either Manipulation alone, TENS alone 
or Manipulation and TENS together would be effective in improving the movement and ROM 
of the TMJ. This study found that for most categories the cumulative effect of both therapies 
(Group 3) was more effective than either therapy alone but this can explain why Group 1 
(Manipulation only) was superior for Category 9: Clenching and Grinding.  
 
5.5.3 Discussion on Category 3: Nerve Symptoms 
 
From the results above it can be seen that Group 1 (Manipulation only) was superior in 
improving nerve related symptoms. The most common symptom associated with TMDs is 
pain, which can be labelled under two categories. The first being TMJ-pain, which is when 
symptoms occur in the proximity of the TMJ or secondly neuropathic-pain, which can be 
found in the orofacial region and is associated with the onset of sensory symptoms that are 
unspecified. Neuropathic pain can be very debilitating and is only present in about 11% of 
people suffering from TMDs. Sensory deficits of the head mostly in the region of the 
trigeminal nerve’s distribution is associated with neuropathic pain (Pedullá, Meli, Garufi, 
Mandalá, Blandino & Cascone, 2009). 
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A study done by La Touche, Cuenca-Martínez, Suso-Martí, García-Vicente, Navarro-
Morales and Paris-Alemany (2019) on the tactile acuity of the trigeminal nerve in patients 
with TMDs showed that patients with TMD had impaired tactile acuity in the trigeminal region. 
Chronic pain associated with TMDs in areas such as the primary somatosensory cortex 
causes dysfunctional and maladaptive neuroplasticity. Patients with persistent pain tend to 
disuse a painful area and have poor sensorimotor control which affects the processing of 
somatosensory information. The main results from this study showed that the poorer the 
tactile acuity in the three branches of the trigeminal nerve the greater the intensity of pain 
experienced.  
 
It is documented that a chiropractic manipulation can reduce pain and disability, by altering 
the central processing of noxious stimuli which results in an increase in pain tolerance and 
the levels of pain threshold after a manipulation. One of the theories on how manipulation 
inhibits pain suggest that manipulation has the ability to induce stimulus produced analgesia 
or can get rid of the source of mechanical pain and inflammation. The argument for stimulus 
induced analgesia suggest that both the deep and superficial somatic mechanoreceptors, 
nociceptors and proprioceptors are simultaneously activated by the force of the chiropractic 
manipulation. This results in a strong afferent segmental barrage of sensory neurons that 
can inhibit the central transmission of pain and alter the pattern of afferent input delivered to 
the CNS (central nervous system). For the second argument we know that physical 
deformation, inflammation, or both causes mechanical pain. Manipulations can reverse or 
alleviate underlying functional and structural derangements when the structures are returned 
to normal function, which in turn will get rid of the source of pain and the associated pain-
producing agents (Bergmann & Peterson, 2011).  
 
This study found that chiropractic manipulation alone was the most effective at treating nerve 
related symptoms which is explained by the pain inhibiting ability of the chiropractic 
manipulation above, although it is surprising that the gate-control theory of pain inhibition 
associated with TENS proved to be less effective especially in combination with the 
chiropractic manipulation. It was suspected that the combination of both therapies would 




5.5.4 Discussion on Category 5: Sinuses and Ears 
 
As shown in the results above, Group 3 (Manipulation and TENS) was the most effective in 
treating symptoms related to sinuses and ears. The most common symptoms related to the 
sinuses and ears in TMD patients include otalgia, articular sounds, tinnitus, vertigo, facial 
pain, and headache (Maciel, Landim & Vasconcelos, 2018).  
 
A study done by Maciel, et al. (2018), suggests that the relationship between TMD and these 
symptoms can be explained as follows. The dysfunction of the muscles of mastication is in 
functional and anatomical proximity to the eustachian tube, which can then result in 
dysfunction of the eustachian tube. Both structures also share embryological relations as 
they were both derived from Meckel’s cartilage. The middle ear and the TMJ communicate 
by means of the petrotympanic fissure, which also carries the tympanic artery, malleolar 
ligament, and chorda tympani. The malleolar ligament connects the middle ear to the 
posterior border of the disc. The anatomical proximity of the TMJ and the ear could lead to 
an interference through irritation of the auriculotemporal nerve or the petrotympanic fissure. 
Also, an abnormal stimulus from the nerves associated with the TMJ can lead to a 
sympathetic spasm of the vessels in the labyrinth which can contribute to the vertigo and 
tinnitus symptoms. They concluded that patients with moderate and severe TMD had a 
considerably higher number of otological symptoms.  
 
The TMJ is also in close proximity to the various sinuses. The paranasal sinuses can be 
found as paired structures and there are 8 in total. The maxillary sinuses can be found inferior 
to the eye, superior to the teeth and just lateral to the of the nose. The ethmoid sinuses can 
be found just posterior the bridge of the nose, between the eyes. The frontal sinuses can be 
found inferior to the frontal bone and the sphenoid sinuses are deep to the ethmoid sinuses, 
they are located next to each other and are separated by a septum. When it comes to sinus 
related pain, TMDs don’t cause sinus pain, however sinusitis and TMD do share symptoms 
and therefore the questions in the TMJ scale related to the sinuses were there to rule out 
those symptoms that could have led to a misdiagnosis. An example of this is referred pain 
from active trigger points in the muscles in mastication can mimic maxillary sinus pain, which 




This study found that the combination of Manipulation and TENS is effective in improving 
symptoms related to the sinuses and ears such as otalgia, facial pain, tinnitus and vertigo. 
Numerous other studies support these results.  
A study done by Tutar, et. al. (2020) on the effect of TENS on tinnitus, revealed that TENS 
can safely be used in the treatment of tinnitus. TENS was applied to the dermatome of C2 
or to the vagus nerve around the area of the ear. TENS in this region improves the dorsal 
cochlear nucleus’s activation along the somatosensory pathway which results in an increase 
of the inhibitory role of the nucleus in the CNS, and thereby relieving the tinnitus. Kim, Moon, 
Kim and Nam (2020) also found that TENS proved to be effective for treating tinnitus. 
Another study by Rode, et al. (2012) showed that TENS therapy can substantially reduce 
facial pain by bilaterally stimulating the primary somatosensory cortex, the secondary 
somatosensory area and the insula.  
 
According to Murphy and Gay (2011), diversified manipulation together with a multimodal 
approach was found to bring complete resolution of otalgia symptoms. Eustachian tube 
dysfunction can be corrected by the manipulation of the ear or cervical spine. The trigeminal 
nerve innervates the superior aspect of the outer ear, which is a source of referral pain from 
the c-spine as nociceptive afferents from both the trigeminal nerve and the upper c-spine 
synapse at the trigeminocervical nucleus in the cervical spinal cord. A study done by 
Kessinger and Boneva (2000) found that manipulation of the upper cervical spine improved 
symptoms of tinnitus and vertigo.   
 
5.5.5 Discussion on Category 6: Headaches 
 
As shown in the results above, Group 3 (Manipulation and TENS) was the most effective in 
decreasing headaches. Some of the most well-known comorbidities of TMDs are migraines 
and cervical dysfunction. The reason for this will be explained as follows. The craniocervical-
mandibular system is the functional unit made up from the cranium, mandible, and cervical 
spine. Biomechanically they work together and neurologically they interact dependently with 
the migraine, cervical dysfunction, and orofacial pain as they share their pathophysiological 
mechanisms. There is overlap between the painful areas and pathways from TMDs, 
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migraines, and neck pain. Involvement of the third and second branches of the trigeminal 
nerve, damage to the descending modulatory pain pathway, the manifestation of cutaneous 
allodynia and the central sensitisation process are all associated with the symptoms related 
to orofacial pain and migraines. The pathway of neck pain and TMD as well as the 
overlapping area could be explained by the merging of the afferent nerve fibres from the 
cervical and trigeminal regions in the trigeminal sensory nucleus. Increased intensity of 
myofascial pain in the cervical muscles together with forward posture of the head could 
amplify cervical muscle myofascial pain and result in the development of a headache as well 
as referred pain of myofascial origin in the muscles of mastication. Pain from cervical 
dysfunction, TMDs and migraines may start out as peripheral stimuli, but develops into 
central sensitisation which results in repeated afferent nociception. Therefore, this 
sensitisation could lead to mutual interactions and the enlargement of the pain area among 
neck pain, orofacial pain, and migraines (Kang, 2020).  
 
In 2011 Bryans, et al. performed a systematic review of the literature to compile the 
‘Evidence-Based Guidelines for the Chiropractic treatment of adults with headache’ and 
found that the evidence suggests that the use of spinal manipulation for the management of 
migraines and cervicogenic headaches was successful and could be recommended. A study 
done by West and Phillips (2013) showed that chiropractic manipulative therapy was 
successful in the treatment of headaches and neck pain. Fernandes, Viana and Cardoso 
(2015) did a comparative study on manual therapy vs TENS on headaches and found that 
both therapies was effective in treating headaches, but that the use of manual therapy was 
slightly more superior. Another study done by Hokenek, Erdogan, Hokenek, Algin, Tekyol 
and Seyhan (In Press) revealed that TENS therapy had few side effects, was economical 
and was effective in the treatment of headaches. The biggest decrease in pain was observed 
in the first 20 minutes and was followed by a continuous decrease in pain after the 
termination of the treatment.  
 
From the information above and the results from this study we can deduce that the use of 




5.5.6 Discussion on Category 7: General Health and Chronic Conditions, Category 
12: Emotions or Anxiety and Category 13: Stress.  
 
As shown in the results above, Group 3 (Manipulation and TENS) was the most effective in 
treating symptoms related to general health and chronic conditions and stress and Group 2 
(TENS only) was the most effective at treating symptoms related to emotions and anxiety.  
 
According to De Resende et al. (2020), TMDs can have an emotional, psychological, or 
mental foundation. Pain threshold can be changed by emotional conditions such as stress 
and anxiety by altering the release of neurotransmitters and nociceptive impulses of the 
CNS, as well as increasing the duration, frequency, and intensity of parafunctional habits. 
These parafunctional habits are responsible for TMJ overload and the hyperactivity of the 
muscles of mastication which results in the onset of the disorder. Anxiety disorders are 
considered chronic conditions and is the most common psychological symptom found in the 
general population at some point in their life. It can lead to significant impairment of function 
as well as quality of life. In TMD patients’ high levels of anxiety have been reported, as TMD 
symptoms often become chronic and can lead to sleep disturbances and compromised 
social and physical activities.  
 
According to Alcantara, Whetten, Ohm and Alcantara (2020), 43.2% of patients choose 
chiropractic spinal manipulation care for disease prevention and general wellness. The most 
reported psychological improvements from spinal manipulation were improved sleep, 
emotional state, and mood. Another important aspect of wellness that should be overlooked 
is the phenomenon known as “physician assurance’. Leibowitz, Hardebeck, Goyer and Crum 
(2018) found that the reassurance alone of patients by physicians was enough to alleviate 
symptoms without the use of any other interventions.  
 
As was seen in the discussion on pain the combination of chiropractic manipulation and 
TENS as well as either therapy on its own is effective in decreasing pain associated with 
TMDs. The relationship between pain and the psychological well being of a person plays an 
important role and therefore pain relief coincides with a better quality of life and emotional 
state of a person. This corresponds with the findings of this study that the combination of 
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Manipulation and TENS was effective in treating symptoms related to general health and 
chronic conditions as well as symptoms related to stress and that TENS therapy was 































The purpose of this study was to determine the effects of chiropractic manipulation of the 
TMJ and the cervical spine versus TENS on the muscles of mastication, and the combination 
thereof in the treatment of TMD. This was accomplished through objective measures in the 
form of pain pressure algometer readings and mandibular opening capability and subjective 
measures through the TMJ Scale.  
The outcome of the statistical findings of this study indicates that patients who present with 
TMDs can effectively be treated by chiropractors. All 3 groups showed significant 
improvement in the management of symptoms related to TMDs, however the combination 
of chiropractic manipulation and TENS proved to be superior to both therapies on their own.  
The treatment protocols utilised by Group 3 (Manipulation and TENS) proved to be effective, 
in this sample of participants and could be used in the treatment of TMDs, provided that any 
possible contraindications are ruled out.  
 
6.2 Recommendations 
The following recommendations may be taken into consideration for future research in 
TMDs.  
• In order to represent the general population more accurately, a more extensive study 
should be conducted with a bigger sample group.  
• A further one month follow up visit may be included to compare the long-term effects 
of the treatment. This might provide chiropractors with a better understanding of the 
duration between follow up visits for maintenance treatment.  
• Pain pressure algometer readings may be taken at each visit. This would further 
strengthen the results from this study by providing the researcher with more 
objective findings.  
• Mouth opening capability could also be measured alternatively by using a ruler to 
measure the distance between the upper edge of the lower incisors and the lower 
edge of the upper incisors.  
• There are alternative options for the TMJ Scale available online which can be used 
in further studies for the sake of convenience with the analysis of the results.  
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• The use of an activator may be used as an alternative manipulation technique to 
compare to the results from this study.  
 
6.3 Limitations 
• This study only represents a small group of subjects as the sample size was small 
and therefore the conclusions from this study should not be used to represent the 
population as a whole.  
• TENS therapy was performed at home which could have led to a discrepancy on 
how the TENS therapy was administered to the different participants even with the 
use of the instructions given in the TENS guide. 
• This study was only performed over a short period of time and therefore the long-
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You may be eligible to participate in my research study, aimed to compare the effect 
of chiropractic manual therapy to the jaw versus the use of pads with an electrical 
stimulus to your jaw muscles for the treatment of jaw pain. 
 
The research will be conducted at the Chiropractic Day Clinic at the University of 
Johannesburg, Doornfontein Campus, Gate 7, Sherwell Road, Doornfontein.  
 
If you are interested in receiving treatment, please contact: 
Berlé Schoeman: 082 827 9132. 
Ethics clearance number: REC-150-2019 





DEPARTMENT OF CHIROPRACTIC 
RESEARCH STUDY INFORMATION LETTER 
REC 11.0 
 




My name is Berlé Schoeman I WOULD LIKE TO INVITE YOU TO PARTICIPATE in a research 
study  comparing the effects of chiropractic manipulation (manual therapy with a gentle 
thrust to the jaw) versus the use of pads with an electrical stimulus to your jaw muscles 
(TENS) for the treatment of jaw pain.     
 
Before you decide on whether to participate, I would like to explain to you why the 
research is being done and what it will involve for you. I will go through the information 
letter with you and answer any questions you have. This should take about 10 to 20 
minutes. The study is part of a research project being completed as a requirement for a 
Master’s Degree in Chiropractic through the University of Johannesburg. 
 
THE PURPOSE OF THIS STUDY is to explore the comparative effect of Chiropractic 
Manipulation of the jaw versus TENS and the combination thereof in the treatment of jaw 
pain. This study may not yield definitive results. 
 
Below, I have compiled a set of questions and answers that I believe will assist you in 
understanding the relevant details of participation in this research study. Please read 
through these. If you have any further questions I will be happy to answer them for you. 
 




1. DO I HAVE TO TAKE PART? No, you don’t have to. It is up to you to decide to 
participate in the study. I will describe the study and go through this information 
sheet. If you agree to take part, I will then ask you to sign a consent form.  
 
2. WHAT EXACTLY WILL I BE EXPECTED TO DO IF I AGREE TO PARTICIPATE? If you agree 
to participate in my research and meet the relevant criteria you will be divided 
randomly into one of three groups. You will be allocated to one of these groups by 
drawing a card from a box. Group 1 will receive Chiropractic Manipulative therapy, 
Group 2 will receive TENS therapy and Group 3 will receive a combination of both 
therapies.  
 
This research trial will take 3 weeks to complete. You will need to complete a 
questionnaire with questions related to your jaw pain. I will measure the opening 
capability of your jaw and I will look for any active trigger points in the muscles of your 
jaw. We will need to take all these reading 3 times during the trials. Once at the first 
session before treatment, once during the second week and once after the final 
treatment.  
 
If you are allocated into Group 1, you will have to come to the clinic for two 
Chiropractic Manipulation therapy treatments a week, for a total of three weeks. You 
will also need to come in for one additional session for reading only, after the final 
treatment.  
 
If you are allocated into Group 2, you will have to complete four treatments per week 
at home using the TENS unit. You will also need to come in for one additional session 
for reading only, after the final treatment.  
 
If you are allocated into Group 3, you will have to come to the clinic for two 
Chiropractic Manipulation therapy treatments a week, for a total of three weeks and 
you will have to complete four treatments per week at home using the TENS unit for 
a total of three weeks. You will also need to come in for one additional session for 
reading only, after the final treatment.  
 
During the first session for all groups, I will also take a thorough case history and do a 
physical and cervical spine examination.  
 
If you agree to take part in this research study, you may not take part in any other 
study, or use any medication that can possibly influence the results from this study 




3. WHAT IF NEW INFORMATION BECOMES AVAILABLE? Sometimes new information 
may become available about the treatment you will be receiving. If this is the case, I 
will tell you about this and discuss it with you. You can then decide whether you would 
like to continue participating in the research. If you decide not to continue, there will 
be no other consequences for you. If you do decide to continue, I will ask you to sign 
an updated consent form. 
 
4. APPROXIMATELY HOW LONG WILL MY PARTICIPATION TAKE? Your participation will 
take three weeks, with two consultations a week for Group 1 and 3 and one 
consultation a week for group 2. Each consultation should take no more than 30 
minutes each. One additional reading only session will be completed following the 
last treatment.   
 
5. WHAT WILL HAPPEN IF I WANT TO WITHDRAW FROM THE STUDY? If you decide to 
participate, you are free to withdraw your consent at any time without giving a reason 
and without any consequences. If you wish to withdraw your consent, you should 
inform me as soon as possible. 
 
6. ARE THERE ANY OTHER POSSIBLE REASONS WHY MY PARTICIPATION MIGHT BE 
STOPPED? It may happen that, due to your health or other treatments that you may 
receive or for safety reasons, I will need to stop your participation in this research. I 
will discuss this with you beforehand if it becomes necessary. 
 
7. IF I CHOOSE TO PARTICIPATE, WILL THERE BE ANY EXPENSES FOR ME, OR PAYMENT 
DUE TO ME? You will not be paid to participate in this study, and you will not bear 
any expenses. 
 
8. IF I CHOOSE TO PARTICIPATE, WHAT ARE THE RISKS INVOLVED? The possible risks 
are minimal, you may experience some post treatment tenderness and on rare 
occasions a skin irritation or burns have been reported beneath the electrodes of the 
TENS unit. All efforts will be taken to prevent this. These precautions include: cleaning 
the area to be treated before the application of the electrodes, applying the 
electrodes from the centre outward to prevent any possible “pulling stress” from 
adhesive patches that are excessively stretched across the skin and removing the 
electrodes by pulling in the direction of hair growth. If any irritation should occur, 
please contact the researcher immediately. All treatments will be ceased right away 
if any risks are identified.  
 
9. IF I CHOOSE TO PARTICIPATE, WHAT ARE THE BENEFITS INVOLVED? A direct benefit 
may be a possible reduction in the symptoms associated with temporomandibular 
disorder, such as a reduction in jaw pain or an increase in the range of motion of the 
jaw. A more general benefit will be that your participation in this study will bring us 
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one step closer to finding a more effective treatment protocol for the treatment of 
temporomandibular disorders.    
 
10. WILL MY PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL? All reasonable 
efforts will be made to keep your personal information confidential and respect your 
right to privacy. This includes replacing your identifying personal information with a 
number that only I and my research supervisor will know. You will not be identified in 
any research reports that are published. Under some circumstances, such as when 
required to do so by a court of law, I may have to disclose your personal information. 
In addition, it may happen that your information will need to be reviewed by another 
organisation for quality assurance purposes. I will tell you about this if it happens.  
 
11. WHAT WILL HAPPEN TO THE RESULTS OF THE RESEARCH STUDY? The results will be 
written into a research report that will be assessed. In some cases, results may also 
be published in a scientific journal. In either case, you will not be identifiable in any 
documents, reports or publications. You will be given access to the results of this if 
you would like to see them, by contacting me. If you decide to seek effective 
treatment post-trial, you will be offered the opportunity to do so. 
 
12. WHAT WILL YOUR RESPONSIBILITIES BE, AS THE RESEARCHER? As the researcher my 
responsibility is to collect the data as accurately as possible and to always abide by 
the guidelines of my research. I will not falsify any information pertaining to this 
research study, to my or any others benefit. I will ensure that the information about 
the participants will be kept confidential at all times, by locking away any hard copies 
and keeping digital copies in a password protected folder.  
 
13. WHO IS ORGANISING AND FUNDING THIS RESEARCH STUDY?  The study is being 
organised by me, under the guidance of my research supervisor at the Department of 
Chiropractic at the University of Johannesburg. This study has received funding from 
the supervisor linked bursary. 
 
14. WHO HAS REVIEWED AND APPROVED THIS STUDY? Before this study was allowed to 
start, it was reviewed in order to protect your interests. This review was done first by 
the Department of Chiropractic, and then secondly by the Faculty of Health Sciences 
Research Ethics Committee at the University of Johannesburg. In both cases, the study 
was approved. 
 
15. WHAT HAPPENS IF I GET INJURED DURING THE STUDY? It is very unlikely for you to 
be injured during this research, however if you are injured, it is not covered by the 
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institutional insurance. You will be referred to the necessary medical professional in 
the case of an injury, but this will be at your own cost.  
 
16. ARE THERE ANY CONFLICT OF INTERESTS PERTAINING TO THIS STUDY? There are no 
conflict of interests held by anyone involved in this study. 
 
17. WHAT IF THERE IS A PROBLEM? If you have any concerns or complaints about this 
research study, its procedures or risks and benefits, you should ask me. You should 
contact me at any time if you feel you have any concerns about being a part of this 
study. My contact details are:  
 
Berlé Schoeman 
082 827 9132 
berle.schoeman@gmail.com 
 
You may also contact my research supervisor: 
Dr Fatima Ismail 
fismail@uj.ac.za 
 
If you feel that any questions or complaints regarding your participation in this study have 
not been dealt with adequately, you may contact the Chairperson of the Faculty of Health 
Sciences Research Ethics Committee at the University of Johannesburg: 
 
Prof. Christopher Stein 
Tel: 011 559-6564 
Email: cstein@uj.ac.za  
 
FURTHER INFORMATION AND CONTACT DETAILS: Should you wish to have more specific 
information about this research project information, have any questions, concerns or 
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complaints about this research study, its procedures, risks and benefits, you should 







Appendix C: Consent Form 
 
DEPARTMENT OF CHIROPRACTIC 
RESEARCH CONSENT FORM 
REC 11.0 
THE COMPARATIVE EFFECTIVENESS OF CHIROPRACTIC MANIPULATION VERSUS TENS IN THE 
TREATMENT OF TEMPOROMANDIBULAR DISORDERS 
 
Please initial each box below: 
 
       I confirm that I have read and understand the information letter dated 2 September 2019 
for the above study. I have had the opportunity to consider the information, ask questions and have 
had these answered satisfactorily. 
 
 
                    I understand that my participation is voluntary and that I am free to withdraw from this 
study at any time without giving any reason and without any consequences to me. 
 
 
      I agree to participate in the above research 
 
 
_______________________       ___________________________________  ________________ 




_______________________      ___________________________________ ________________ 








































Appendix G: The TMJ Scale (Levitt, McKinney & Lundeen, 1988) 
1. This question should only be answered if you have upper and lower front teeth or are wearing a 
replacement for them. Open your mouth as wide as possible and position your hand as shown 
in the diagram below. Place as many fingers as possible between your upper and lower front 
teeth. Now mark one number below indicating the number of fingers.  
 
Mark one 
Less than one finger ……………………………………………………………….……………..………..(0) 
At least 1 finger …………………………………………………………….………………………...……..(1) 
At least 2 finger …………………………………………………………….………………………...……..(2) 
At least 3 finger …………………………………………………………….………………………...……..(3) 
At least 4 finger …………………………………………………………….……………………...………..(4) 
 
For questions 2-8 below, locate each area on your face (except F) using the lettered diagram. Press each 
area firmly on both sides of your face. Mark the number that indicates the maximum amount of pain you 
feel.  




Quite a bit of pain………………………………..(3) 
Extreme pain………………………….………….(4) 
 
2. Pressing my temples (A on diagram)………………………………………..…….....(0) (1) (2) (3) (4) 
3. Pressing my jaw joints (B on diagram)..………………………………………….…..(0) (1) (2) (3) (4) 
4. Pressing my jaw muscles (C on diagram)...……………………………….…….…..(0) (1) (2) (3) (4) 
5. Pressing the muscles under the sides of my jaw (D on diagram)……………….....(0) (1) (2) (3) (4) 
6. Pressing in my ears (E on diagram)..………………………………………………..(0) (1) (2) (3) (4) 
7. Pressing the back of my neck (G on diagram)..………………………………....…..(0) (1) (2) (3) (4) 




Mark the number which best describes how much of the time each statement below applies to you, 
using the following key:  
Mark one 
None of the time….. …………………………………………………………………..……...………..………..(0) 
A little of the time………..………………………………………………….……………..…...………………..(1) 
A moderate amount of the time…………………………..……………….………………..…...……………..(2) 
Quite a bit of the time ………..…………………………………………….…………………...………………..(3) 
All of the time… …………………………………………………………….……………….…………………..(4) 
 
9. Just a light touch on my face causes shock-like pain..………………………..…...(0) (1) (2) (3) (4) 
10. My jaw must click or pop before I can open it wide..………………..……………...(0) (1) (2) (3) (4) 
11. My jaw open all the way without any sideways movements..……………………...(0) (1) (2) (3) (4) 
12. My jaw locks open..………………………………………...……………………….....(0) (1) (2) (3) (4) 
13. I have headaches which start after seeing flashes of light or dark spots.………...(0) (1) (2) (3) (4) 
14. My jaw moves easily..……………………………………...……………………….....(0) (1) (2) (3) (4) 
15. I have health problems which haven’t responded to treatment..……………..........(0) (1) (2) (3) (4) 
16. I have pain in my jaw joint(s) (B on the diagram) .………………………..………...(0) (1) (2) (3) (4) 
17. My jaw tires easily when chewing..………………….…………………………….....(0) (1) (2) (3) (4) 
18. I have headaches which are made worse by bright light..………………………...(0) (1) (2) (3) (4) 
19. It hurts my teeth when I bite..……………………………………………..……….…...(0) (1) (2) (3) (4) 
20. I have muscle or joint pain in areas other than my head or neck..………...……...(0) (1) (2) (3) (4) 
21. I can move my jaw more to the one side than the other..……………...……..…...(0) (1) (2) (3) (4) 
22. I feel tense and worried………………………….………………………………..…...(0) (1) (2) (3) (4) 
23. I have drainage from my ear(s) ..………………………………………………...…...(0) (1) (2) (3) (4) 
24. I feel sad and depressed..………………………...….………………………………...(0) (1) (2) (3) (4) 
25. I clench my teeth..…………………………………….………………………………...(0) (1) (2) (3) (4) 
26. My bite feels comfortable..………………………..….…………………………..…...(0) (1) (2) (3) (4) 
27. I have jaw pain which gets worse the more I move my jaw..………………….…...(0) (1) (2) (3) (4) 
28. It is difficult to find a comfortable position for my jaw..……………………………...(0) (1) (2) (3) (4) 
29. I have pain in my ear(s) (E on diagram) ..………………….………………………...(0) (1) (2) (3) (4) 
30. I have sinus problems..……………………………….………………………………...(0) (1) (2) (3) (4) 
31. When I bite down normally, my front teeth touch..………………….……………...(0) (1) (2) (3) (4) 
32. During my life, I’ve had many different painful disorders..………………….….…...(0) (1) (2) (3) (4) 
33. I have facial pain that comes on suddenly like electric shocks..…………………...(0) (1) (2) (3) (4) 
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34. I can open my mouth as far as possible without pain..……………………………...(0) (1) (2) (3) (4) 
35. I have pain in or behind my eye(s) ..………………….…………………..………….(0) (1) (2) (3) (4) 
36. My jaw makes a grating or grinding noise when it opens and closes..……….....(0) (1) (2) (3) (4) 
37. I think my bite is off..………………….……………………………………..………....(0) (1) (2) (3) (4) 
38. I have pain which gets worse with stress or tension..………………………….…...(0) (1) (2) (3) (4) 
39. My jaw clicks or pops when I chew..………………….……………………..…….....(0) (1) (2) (3) (4) 
40. I can bite down hard without pain in my jaw..………………………………..……...(0) (1) (2) (3) (4) 
41. One painful problem is followed by another ..…………...…………………..……...(0) (1) (2) (3) (4) 
42. I have jaw pain which makes me feel sick or feverish..…………………….....…...(0) (1) (2) (3) (4) 
43. I grind my teeth during the day..…………….……….…………………………..…...(0) (1) (2) (3) (4) 
44. I have numb areas on my face..………………….……..…………………………...(0) (1) (2) (3) (4) 
45. I use nerve pills, sleeping pills, or alcohol for relief..……………….……….……...(0) (1) (2) (3) (4) 
46. I can move my jaw smoothly..………………….……………..……………….……...(0) (1) (2) (3) (4) 
47. I can chew without bumping my teeth unexpectedly..………………….……...…...(0) (1) (2) (3) (4) 
48. I have a feeling of pins and needles on my face..………………….………….…...(0) (1) (2) (3) (4) 
49. I have pain in my jaw muscles (C on diagram) ..………………….………...……...(0) (1) (2) (3) (4) 
50. I have pain in the back of my neck (G on diagram) ..……………….……………...(0) (1) (2) (3) (4) 
51. Over the years, I’ve been under a lot of stress..……..………………………...…...(0) (1) (2) (3) (4) 
52. My jaw twitches or jerks uncontrollably..………………….………………..…...…...(0) (1) (2) (3) (4) 
53. When I bite down normally, my back teeth touch..………………….………....…...(0) (1) (2) (3) (4) 
54. The way my front teeth fit seems to be changing..………………….…….…...…...(0) (1) (2) (3) (4) 
55. Light touch on one side of my face causes shock-like pain on the other..……....(0) (1) (2) (3) (4) 
56. I have a ringing in my ear(s) ..………………….…………………………………......(0) (1) (2) (3) (4) 
57. I have pain which gets worse with certain people or situations..………………....(0) (1) (2) (3) (4) 
58. I have pain in the side(s) of my neck (H on diagram) ..………………….………...(0) (1) (2) (3) (4) 
59. I have a steady pain across my forehead..………………….……………………….(0) (1) (2) (3) (4) 
60. I have many changing pains..………………….……………………………..……....(0) (1) (2) (3) (4) 
61. I feel angry..………………….…………………………………….…………………...(0) (1) (2) (3) (4) 
62. Other people notice noise from my jaw when I chew..………………….…….…....(0) (1) (2) (3) (4) 
63. I can chew food as well as I used to..………………….………………………….....(0) (1) (2) (3) (4) 
64. I have health problems which seem to be getting worse..………………….……...(0) (1) (2) (3) (4) 
65. I have pain in the muscles under my jaw (D on diagram) ..………………….…....(0) (1) (2) (3) (4) 
66. I have pain in my temple(s) (A on diagram) ..………………….…………………....(0) (1) (2) (3) (4) 
67. I feel anxious..………………….…………………………………….………………...(0) (1) (2) (3) (4) 
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68. I can open my mouth as wide as I used to..………………….……………………...(0) (1) (2) (3) (4) 
69. The way my back teeth fit seems to be changing..………………….……………...(0) (1) (2) (3) (4) 
70. I sleep well..………………….…………………………………..…………..………...(0) (1) (2) (3) (4) 
71. I have head or facial pain which gets worse when I bend over..…………….…...(0) (1) (2) (3) (4) 
72. When I touch one side of my face, the other side gets numb..……………….…..(0) (1) (2) (3) (4) 
73. My jaw gets stuck and won’t open all the way..………………….………………....(0) (1) (2) (3) (4) 
74. The only real problems in my life are problems with my physical health..….…...(0) (1) (2) (3) (4) 
75. I’ve had conflicting doctors’ opinions about health problems..…………………...(0) (1) (2) (3) (4) 
76. I can move my jaw in any direction without pain..………………….…………..…...(0) (1) (2) (3) (4) 
77. I have facial pain which gets worse in cold weather..………………….…………...(0) (1) (2) (3) (4) 
78. I feel frustrated..………………….………………………………………………..…...(0) (1) (2) (3) (4) 
79. I have a stuffy nose..………………….……………………………..…………….…...(0) (1) (2) (3) (4) 
80. Recently I’ve been under a lot of stress..………………….………………………...(0) (1) (2) (3) (4) 
81. I have headaches which make me feel sick to my stomach..……………….…....(0) (1) (2) (3) (4) 
82. I can take big bites of things like apples..………………….…………………….…..(0) (1) (2) (3) (4) 
83. I have work or family pressures..………………….……………………………..…...(0) (1) (2) (3) (4) 
84. I have pain and stiffness in my finger joints..………………….……………….…....(0) (1) (2) (3) (4) 
85. My back teeth feel like they fit properly..…………………..………………………...(0) (1) (2) (3) (4) 
86. I believe I have an incurable problem in spite of medical reassurance..………...(0) (1) (2) (3) (4) 
87. In the morning my teeth are sore and my jaw is tired..………………….………....(0) (1) (2) (3) (4) 
88. My ears feel blocked or stopped up..………………….………………………...…...(0) (1) (2) (3) (4) 
89. I have many health problems..………………….……………………………………...(0) (1) (2) (3) (4) 
90. My jaw moves just as far forward as it used to..………………….………………...(0) (1) (2) (3) (4) 
91. I have difficulty swallowing..………………….……………………………….….…...(0) (1) (2) (3) (4) 
92. I have pain behind my ear(s) (F on diagram) ..…………………..…………….…...(0) (1) (2) (3) (4) 
93. I have facial pain when other joints are also sore..………………….……………...(0) (1) (2) (3) (4) 
94. I have nervous problems..………………….………………………………………....(0) (1) (2) (3) (4) 
95. I have throbbing headaches..………………….……………………………………...(0) (1) (2) (3) (4) 
96. I feel dizzy..………………….…………………………………………..……………...(0) (1) (2) (3) (4) 







Appendix H: TENS Guide 
What is Transcutaneous Electrical Nerve Stimulation and how does it work? 
TENS is a method to control pain that does not involve any drugs and that is non-invasive. TENS modifies 
your pain perception by using tiny electrical impulses that are sent to your nerves through your skin. This 

















How to Set-up the TENS unit for Therapy: 
1. The lead wire sockets are located on top of the device, insert the lead wire into the socket on the 
left.  
2. Remove the electrodes from the plastic bag and connect each electrode to the pin connectors at 
the end of each lead wire. There are two electrodes per lead wire.   
3. Make sure the area of skin where you will place the electrodes are grease and oil free.  
4. Peel the clear plastic film from the electrodes. DO NOT throw the plastic film away.  
5. Place the electrodes on the specified areas. See picture below.  
6. Press the “On/Off” button once to turn on the unit.  
7. Press the “PRG” button and select “PC1”. 
8. Press the “+” button on the left to increase the intensity. You should be feeling a strong but 
comfortable tingling sensation. You can decrease the intensity by pressing the “-“ button on the 
left if it begins to feel uncomfortable.  




10. After the 30 minutes are over, remove the electrodes and replace them onto the clear plastic film. 
Replace into the plastic bag and make sure to seal the bag.  
 
Where to place the electrodes:  
The electrodes will be placed between the Temporomandibular joint (TMJ) and the coronoid process of 

















Appendix I: Pain Pressure Algometer Readings 
 
Reading 1 kg/cm²  Reading 2 kg/cm² Reading 3 kg/cm² 
      






Appendix J: Letter requesting permission from the Department of Research and Innovation to 
treat students  
 
 
Dear Dr Nonkwelo, 
 
My name is Berlé Schoeman, I am currently completing my master’s degree in Chiropractic. I am a final 
year student in the process of completing my dissertation, which is a requirement of my degree. In 
order to do this I will need to conduct a research study, which will involve the participation of students at 
the University of Johannesburg, Doornfontein campus.  
 
My research topic is: THE COMPARATIVE EFFECTIVENESS OF CHIROPRACTIC MANIPULATION 
VERSUS TENS IN THE TREATMENT OF TEMPOROMANDIBULAR DISORDERS.  
 
I am writing this email to request permission from the Department of Research and Innovation to 
undertake research at the University of Johannesburg Doornfontein campus, and for students to 
partake in my research. 
 
Kind Regards,  
Berlé Schoeman 
201447224 
Master’s Student: Chiropractic  
 
Contact Details: 












Appendix M: Turnitin Report 
 
 
